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SUMLATY

This rcoort contains detelilecd results of a numbor of fatiguo
tosts on opot-wolded Joints in aluminum alloys. Tho teste dec~-
cribeod includo:

1, Fatigue tcsts on spot-weldod lap joints in gh-eots of un-
oqual thicknesa of alclad 24S-T. Theso tosts indicato that the
fatigue strength of a spot-weldod joint in srheete of two diffeorent
gagos 1s slightlv highor than that of a similar joint in two sheots
of the thinnor gage but definitoly lower than that of a similar
Joint in two shects of tho thicker gege.

2. Tatigue tosts on spot-weldod slelad 75S-T. Spot-weldod
lep~Joint opocimens of alcled 755~T wore not any strongor in fa~
tiguo than similar specimons of alcled 24S-T.

3. Tatigue tcats on lav~joint svoecimeas spot-welded after
various surface oreparations., These included AC wolding wiro-
brushed surfacos, DC welding vire-brushod surfaccs, and DO welding
chomically cleanod curfaccs. Whilo tho AC wolds were strongest
statically, tho DC wolds on wiro-brushed surrfacos werc strongeest 1ln
fetigue. Spocimons provared in this way were very noarly as strong
as the boast riveted specilriens tostod for commarison.

Y4, Fatigue toste on cpecimens soot~wolded with varying volt—
ago a0 as to include a wido rangn of static spot~wold strongths.
Thc fatiguo strengths wore in the camc order as tho atatic strongths
but showed lons rango.
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5. Fatlguc tests on lap—joint specimons with sovoral pattorns
of goot weldn. In geneoral, those patterns which gave hignest static
strongths gave aloo highoot fatigue strengths.

6. TFatigue tests on lap-joint spocimens with varlous rivet
pattorns. Agaln fatigue strongths were in the same order as static
strengths. Theec rivetod jocints were generally stronger in fatiguo
than correspondling spot-welded Joints.

INTR.CDUCTION

This roport cdorerlbes the rogsulta of sevoral investigations
which arc extensions of vrovious work. {Sce rcforences 1, 2, and 3.)

Proceding revorte have givon rocults of testa on lep-joint
specimens consisting of two shoets of 2US-T alclad of cqual thick-
noss Joined by & single row of apot wolds in e line transverse to
the diroction of loadlng.

Part I of thls roport describes tcsts on spocimens comprising
tiro shecots of different thickncas joined by a single row of spot
welds. All other tests doscribed here concern specimens wmade of
two shecots of cqual thiclmess.

Part II describes tests on spot-welded spocimons of alclad
55T alloy.

Pert III aivoe results nf tests nn svocimcns spot-wcldod
after differont surfaco preparztions. Part IV doscribes tosts
on specimons gpot-weldcd at different voltages to obtain spots
of widely varying size and static strcngth. Theso tosts were
made in an endoavor tn loarr what tyoe of assot weld may bo best
in fatigue.

Part V dencribes a seriocs of tests with milti-row lep joints.
Part VI describes a fow tests with one-row and with two—-row rivetcd
Joints for comparison against rcaults on spot-walded Joints. Theso
two groups of tosts allowed somo oxaminatlon of tho quostion of
what spct-wold pattorn ls bost in fatigue and of what fetiguo joint
efficioncy may be attainablo in scot-woldod lap joints.

This investigation, conducted at Battolle Memorial Institutc,
was gponsorcd by, and conductod vith finenclal assistanco from,
tho National Advisory Committeo for Acronautics.
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" Aclmowledgment is due Mr. E. 5. Jenkirs of the Curtiss-"/right
Corporation end Dr. Maurice Folles of the Lockhood Aircraft Corno-
~ration -for advice and assistance in obtaining materials and jointed

apccimens for this investigation. Specimens for detormining the
effects of surface vreparation were recelved through the courtosy

of Mr. C. W. Steward of the Curties-Wright Corporation. Specimecns
for determining the effect of range in spot—-weld slze wero furnishod
through tho courtesy of Mr. R. 0. McMaster of Californla Institute
of Technology. Svecimens of 755-T wero roceived through tho cour-
tosy of Mr. T. Pipor of Northroo Aircraft, Inc.

I. SPOT-WELDED LA® JOINTS IF SEEETS OF UNEQUAL TZICINESS
Tost Piccoa and Static Tests

Two lots of svecimons have boox tcstod. Lot A comorilsod
soocimons using sheot gages 0.032 to 0.040 inch and C.O40 to 0.051
inch. The other lot, B, included gagos 0.025 to 0.032 inch, 0.032
to 0,040 inch, and 0.032 to 0.051 inch. ZEasch svocimen was mede by
Jolnirg two plocen (oach 9 in. long by 5 in. wide) by a sirglc row
of soots anzcod 3/4 inch apart in a 1line along tho centor of a 1-
inch overlap soction. (Seo, for cxarmlo, fig. 1D ir reoforcnec 1.)

Table 1 indicates tho wolding condltloas. Figuros 1 and 2
show sectloned welds. Table 2 glveas everage weld dimenalens and
stotlie strongth values. Veluze for somo soceimons medo under com-
parablo conditions with oqual gage shoete havo boon included for
comparison.

It merr bo obnorved from figures 1 end 2 :nd from teblo 2
that wolde in sheets of unegqunl gage show genera’ly grester por—
centage venctreatlion in the thirnor shecet. It a2lso may be notod
that the static strength of A wold Joining differont gago shectan
1s betwoen tho strength valuc for a wecld Joinlng two sheets of
the thinnor gage and the strength value for a weld Joining two
shcets of the thicker gage. The weld strength for th:a unoqual
sheots 1s noaror tho lowor of thoss strengths (thet for a weld
Joining shoots of tho lossor zage).

Fatiguo Tent Resultn

Teblos 3 end 4 chow the fatigue tost rceults for the first
lot of specimens, Fligurc 3 shown load~life curves plottod from
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those data for the load ratios 0.25 and 0.75 (curves for R = 0.50
have boen omitted to avold confuslon, but theso curves do not
present any now foatures).

Table 5 showw fatigue test results for the other lot of samples
and figure 4 the lomd~life curvos plotted from these data.

In figures 3 and 4, there have boen included curves for snocc-
imens mado bv epot-welding cqual gage shoctas. ZFrtiguc failures
(nce, for cxample, fig. 24) were similar to those in joints of
coual=-thickneas ehocet. In a fow cmsos, at high loads, a button
was torn out of the thimner shaot. (Sce, for oxmample, fig. 2e.)
In general, the fatiguo—-stroength valuca bear out tho observation
made for static-strcngth valucs: the strcnath of a weld Jolning
different gezo sheots ls allghtly highor than that for e weld
Joining sh-ets of the thinner gage end definitoly lower than that
for a weld joining shsets of the thicker gago. It secems probable
that thls ntatemont har limitatlions, and tho corncluslon should
rot be e¢xtornded to unreoasonable differoncos in shecet gage or ap-
plied without duo regard for the welding conditions concerned.

II. TFATIGUE TESTS ON SPOT-WILDED ALCLAD 75S-T
Tost Plecoes and Resulte of Fatiguo Tosts

Comparativo tests worc mcdo on (1) shoot specimons of 75S-T
and of 245-T and on (2) snot-weldod lag~-joint specimcas of 755-T
ard of 24S-T. All opecimons were made of 0.CLO-inch alclad sheot.

Monobloc shoet soccimens were 1 inch wido a2t the center scc—
tion. (Szo roforenco 3, fig. 1.) Tables 6 and 7 shov data for
theae spocimons, end figure 5 shows resulting lond-1ifo curves.
The 755~T docs not monoar stronger in fetiguo then tho 2US-T dos-
vlte the difference 1ir statlic propertios.

Each npot-woeldcd soocimen was mrdo of two vicces 9 inchos
long by 5 ircnes wide joincd by a sinsle row of spots in the conter
of a 1-inch overleo saction. Tnbles 8 and 9 show the fatigue test
results, and figuro 6 shous the load-life carvaas. For lifotimes
beyond 10° ewcles and for both load retios (B = 0.25 snd R = 0.60)
used, the 755-T spoecimcns an~car slightly worskor than the 24S-T
gpecimonea. It mey be noted that tho 755-T spot welds werc slightly
(about 8 percont) strongor in rtatic ahear than tho 2US-T wolds,



HACA AER Fo. 4FO1 ' 5

Examinotion of Spot Wolds

Figure-7--(a, b)-shows spot welds in .the alclad 2YS-T; while
figuro 7 (e, 4) showas wolde in the 758-T clalad.

Welds in the two materials are similar in size, shape, ond
goneral aclresrance. Hardnoss readinge at the dendritic =zone (whero
fatigue fallure gonerally took place) gave 90 Vickers for tho 755-T
agninet 100 for the 2uS-T.

The photographs in figuro 7 show characteristic fatigue fail--

" ures. Except for the weld in figure 7b, the welde wore from speci-
mens loaded similarly (116 1b por svot at R = 0.25). It may be
noted that falluro in the 755-T welds (c, d) occurrsed at tho “ro-
jection of the inner alclad. TFailure in the 24S-T (a) took vleco
in the sheet outsido tho weld slug. However, at highor loads (b),
frllure in the 2US-T occurrod at the projcct_on of the innor slclad,

Conclusions

For the tosts mrdo, spot-welded 755-7-seemed no etronger in
fatigue then spot-wolded 24S-T.

It should bo remexmbered that several factors may be concerned:
tho rolative strengths of barc shect materisls, the effect of tho
clrdding, and the type of npot wold.

ITI. LAP-JOI.'T SPECILSWS SPOT-WEILDED WITH
VARIQUS SURFACE PREPARATIONS
Test Pleces ond Stetic Test Results

Severnl test pleocaos of 0.0Y0-inch alclad 24S-T spot-wolded
after various rurface preparations wore furnieshed through the
courtesy of Mr, O. W. Btewrrd of Curtisc—Wright. Teble 10 lists
fivo groups of specimenc, There weroe three zroups of agot-wolded
tost pleces prepared by different procoesscn. TFor each of thoso
groups, two lots of spocimons (A end B) wors vreparod ~t differcnt
times with, inadvertenrtly, slightly differcnt welding conditionse.

_For compnrison of Jjoint efficleacios, two groups (4 and 5) of
rivotod spscimons were furnished. ) .
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Figure 8 shows photographs of three feilod opccimons. Ome
11lustratos the spot—wold pattorn characteristic of groups 1, 2,
and 3, having throe row~ of spots, with the distance beotweon spots
in each row 1/2 inch and the distance betwoen rows 1/2 inch. The
other two specimens shown in figurc 8 1llustrnte the rivot oattorns
of groups 4 and 5.

Table 10 also shows static strongth velues and atatic Joint
officioncy valucs. It mry be notod thet the AC wirce-brushed smec-
imens hnd a static Joint efficiency (95 porcont) considorably
higher than thnt (€3 moercent) of the stronrest rivetod joints.

Fetipue Test Reoults

Ifinc spocimens of oech group wore furnishcd. At Mr, Sfcwerd's
suggeastlon, throo of those werc run at ecoch of threoe vroscloctod
loada.

Table 11 nresonts theo roesults of thc fatiguo testrn. Tao
mothod of running the tests at throc presclocted lomds drings out
the festurce of scattor in toet results. However, with ao fow
load valuecs, it is not feasible to draw lo~d-life curveos or to
calculata fntiguo joint cfficioncy velucs for various constiant
lifetimos. Novoerthelcsn, flgurc 9 chowsa apnroximntae lo~nd-life
curvec in tho form of scatter bends vhich do not attermt to> die—
tingaish emong the difforcnt spot-weld groups. From thesc curvos
and from & fetiguo curve (roferenco 3, fig. 5) for slcl~d 2:S-T
shect, limiting velues of joint efficilcaclios moy be eatimated.
Such valuce aro givon in t=blo 12. Comparison of theso valucs
with valuoc for other svociricns testcd (sco noc. 5 of this rcvort)
indicates that thoso tcst plocos wero strong ir ratiguoe.

From t2blo 11, it ziay be obsorved thot, of tha mpot-weldod
goceimons tested hore, those mado by DC will.ing wiro-brushed
surfrcos epnoerod slightly tho stron :eat in tho fetiguo test-.
Frorn teble 11 rnd figuro 9, it aspears that thone norme mpot—
woldod suecimens wero nonrly ns atrong ~n the beat riveted svec-
lmons.

Examinrtion of Soot ilelds
Pigures 10, 11, and 12 show vhotogrrphs of nzetloncd cpot

welds, Teble 13 gives overrge voluos of spoi-wold dimensions
for ammplos from the various groupe.
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Carcful oxaminrtion of table 13 affords an interesting obser-
vetion. Tor tho AC wire~brished plccos, specimen 7 hod e emallor
nugzot arca.and.a. smeller totel wold area than specimon & but 2n
appreclebly longer fatigue life. This may be connected with the
larger corona area of ppocimon 7. A similar observetion applics
on comparing 'spocimens 1 and 2. Gcnerally the same observation
apolies on comparing DC woldod specimons with omch othor. The
apparontly imortent contributlon of corona bonding to fntiguo
otrongth does not oppoar to oxtend to the comparieon of AC volds
with DC wolds.

Conclusions
The following conslusions erc suggested by the dnte dencribeds

1. Spot~wcldod joints can be mnde to have as high stntic
Joint cfficlencics snd nonrly as high fotigue Joirt officlonciles
en riveted Joints.

2. Of the thrce tyoes of srot~welded spocimona (AC - wiro
brush, DC - *dirc brueh, =nd DO - chemically clecnnd), the AC wire-
brucshed were etrongost atsticnlly, but the DC wire-brushed stronz-
ost in £atligue.

3. There is & suggention th~t, for a givon typo of welding
(AC or DC), corona bonding contributos considorably to fatigue
rtreongth.
In viow of the relativoly siall namber of spocimerns, these con-
clusionn rust be regrrdod as tentativo.
IV. LAP-JOINT SPECIMINS WITH SPOT WELDS OF WIDELY
VARYINCG SIZE AWD STATIC STEEL.GTH
Teat Picccas and Static Strongth
Wine panels with mpot volds of cuccesclvcly lorger sizen
wore rocolvad, togethor with radiogrephe of all woldn, fron
Californie Inntitute of Tochnology through the courtesy of Hr.
Il. C. Mcuﬂnter-

Teble 14 gives the welding conditlions for osch panel. Fig—
ure'l3 nhows photogrephs of spots 1llustrating the veriation in
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ooot sizo. (See elso figs. 15, 16, 17, end 18.) Tablc 15 gives
the rasults of mecsurementa of the varlious svot dimenoions and
alpo values of static echonr strength from tents on singlo—snot
couvons. The torms used to deaignato weld dimeasions heove been
dofined in a previous report. (Sce refcrence 2, p. 4.)

Exrmin~tion of the welds end cnleulrtlong from the dete in
table 15 showed that the coronn aron wre nearly constinnt through-
out the range of woldr (0.03%16 sq in. for Penol 1 to 0.0320 nq in.
for Penol 9). Or the other hnnd, tho weld-nuggzget area incrossod
from 0.0398 to C.0804 ncuaroc inch. Tho ~t-tic shoar strongth
irercescd oporoxinetely in direct projortion to the nugget area.

Fatiguo Toct Rosults

Strivs 3 inchoa wildo coateining thro: sooct rolds orch weore
sheared from thc various prmnels ~nd tcstcd in fetigue. All tests
wvere run ot a lozd retic R = 0.23.

Table 16 vrosents the reosults of the frtizae tosts, ~rd
figurc 14 showe load~life curvon plottod from thece date. To
avold confusion, only recsults for cvory odéd—nunbored ornel hava
boen plotted ~ renults for other nencls, in genorsl, follow the
srne pattorn.

Two observationn nre interesting. First, the sprord in
fotizuo strenzths in loo~ then thrt in statlce-strongth veolues.
This seems perticulerly true for lower loads nnd lonreor lifotimoc,
Sccond, thorc is nn ircrcome in “~tigue strength with incrzasing
wold sizc cnd increesing sintic—etronsth veluce. Neither of
thoso obazervationg held for romo nrevidusly ropartad teats on
apot~irclded 1np joints (roferonco 2, ©. 10). It sorpa thnt
fatigae strongths mny lncrerso in tixe saric order :s st-tic strongths,
for wolds varlod in size only by vorying tihe welding voltnze.

Examinntion of Fallod Speciliions

Fi:uros 15, 16, 17, ~nd 1€ show noctlons of smpot wclds fronm
friled samoles o thr ve:rlous .anols.

It may be noticod that tho smeller wclds shoarcd at high
londs but eracked from the alclréd wrotrusior at lighter lords.
Largor wolds "oulled buttons" (figs. 16a -=2d 17~) ~t highor losds
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and osomctines gave rlso to fallure in tho shcet at lighter loads.
Overheated end cracled welds (seo fig. 18c) showed no signs of
wooknoss in fatiguse or of fallure through the transverse crack.

V. PATIGUE TESTS OW LAP JOIFTS WITH
VARIOUS SPOT-WHELD PATTERI'S
Tost Plecon and Statlc Teat Rosults

Teble 17 outlincs n meries of tests on +tho effcet on
fotigue strength of varying the spoi-wonld pattern in siuple lan
Joints, end table 13 shows strength proocertioss of the shoet
aaterial used.. Tho purpose wes to detormine the effects of such
varinbles as tho number of rows of spots, the mpacing betwzen
spotn, staggering muots in pdjacent rows, and pont-cging multi~
rowod Jointn. The Booeing Joint npotiorn hre beon incluéded as
ropresontntive of n joint that im cuccessful in ectunl sorvice
conditiona. Figuros 17, 2C, end 21 show thotogrnphs of varlous
Jolnt pattorns.

Table 18 gives stntic tost resulte on tont ploces made
from tho vearious lots of chceot used for the spot~-weld specimens.

Tobles 19 and 20 :'ive tho wclding conditiona for the vorious
Jointed specimens. Figures 22, 23, and 2! ghow photographs of
soctioned welds. In gonerel, a'll welds wero of goud spposrance.
The one exception wns for group 3 M2C, vhere welds mprearcd to
be overheated.

Trble 21 gives atetic atrongth values averngod for two
reprosontative spoeciione of eocch group, It rny be obsgserved thet:

l. Incroasing tho numboer of rows docrenson the atromngth
or spot but Incresses totol joint mtrength ~nd joint officioency.
Cf. resulte for 3 B10~D, 3 X10-D, and 3 M1C-D.)

2. A spot spacing of 1/2 inch spuears to nfford n strong
joint. (Cf. 3 K1C-D and 3 K1C-TF. XNote nles the high Joint
officiencies in groups 3 M1C-F to 3 M3C-F.)

3. There does not avvear to bo cny notrble offect duc to
staggering spots in adjecent rowe. (Of. 3 K1C-D emd 3 L1C-D.)
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4., Pont-aging (10 hr et 370° ¥) before wolding erwesre to
incrozae tho static Joint efficloncy; while post-azlng after
weldlng may even decroase the strtlc Jolnt cfficlency.

5. The pattcrn comsisting of throc rows of spots, with the
apotn 1/2 inch aport in omch row and with the rows 1/2 inch rpart,
grve vor- 2lgh stotic strungths. Of the stocinens used in theso
toets, thls pattern producod the strongest Joint in stctic stroncth
(n joint stronger thon the Bocing joints tosted).

These rorulis 2ro in rorsoneble accord with test rosulta roportad
in the iiteraturo (reforoncen 4 erd 5).

Fotiguc Test Beculta

To inouro that the clclad 24S~T sheot used in neling tho
soot~weclded teet plcce: had noranl frtiguc sirerngth propertics,
and to afford bnese curves for the ovelurtlon of f-otiguc joint
cificloncies, fatigue tosis were run on s~mplos of the p~rtic-
ular lots of sh2-t mrtorials usod. The resulting dato are =ziven
ia tabloe 22, 23, and 2L, cnd soua of these deta are shown as
load=lifo curves in figures 25, 26, snd 27. The values for the
0.040~inch sheet ~rc noarly the samo mg thoso rovortad for other
lots. (S2o roference 3, teble 2.) Voluos for tho 0.08l4~inch
sicet are closo to thoso for 0.CM0 inch. Tor both gnzes, tho
offoct of post-ezing (10 hr ot 3707 F) on frtizue strongths wes
8lizht nnd was in the direction of redicing the fatisuo strongth
(cf. referencoe 3, fig. 5). The 0.016-inch shcet tostud onperred
to hrve slightly hiher fotizue strengths for lifotimen beyond

10® cyeles ot o load r~tio of B = 0.25 then oither the 0.040- or
the 0.064-inch shcot.

Tablos 25 throuigh 36 give the results of fatizuc tests on
tho variously petterncd joints. Most of thoe teats wore run et
tho load rotio R = 0.25 for whilch the altornntizn:; compornent of
lond is high, so that effects produced by dynsmic londing might
bo expoctod to show up. In meny cones, & for tents woro run at
2 highor load ratio (R = C.60) in order %v noto any voseible
unoxpectod cffcct of varying tho rotis. Flgurcs 28 through 32
ghow tho rosualts plott:é an loed-life curves.
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In pvarticular, figure 28 shows fatiguo tcet results for
gpocimcns of 0.040-inch shrot hering ono row of spots end for
. gpecinens hnving twe.rows of spots. -It.soems falr to concludc
thetl

1. Two rows of gpots efford = Jolnt. more than 50 peorcont
stronger than =~ ginglo row.

2. It dooso not meke much difforonce whothor tho spots in
tho two rows are stazgercd or in elino.eont.

3. Using a 1/2-inch svacing betwecn svots in ~ row glvon
a strongor Joint than a sprcing of 3/4 inch, both in static
testas n~nd in frtiguo tosts ~t R = 0.25. Howovor, tho ntrongty
incrcnano i somewhat dublous ~nt lifotlios in exccas of 2 X 10
cyclon.

Jdoint cfficicney valuons will be dincuarnod lator.

Firurc 29 s ows lond-lifo curvoen ~t R = 0,25 for snoocimuna
having thro~ rowsc of sont w:olds. It moy be obsorved thot:

1. Jointo with the spots apecod 1/2 inch sp~rt in oech
rcw wvore sirongor in fallsue (=7 woll ar in at~tic teatn) than
joints with spots suacod 3/4 inch =wwert. (Of. 3 MLC-D end
3 MIC-F.) :

2. Pont~agzin: tho ~hcot befrro joinirng incronsced the
atetic ntronsth ord did rot ~lgnificently effoet the fotiquc
strongt:. (Cf. 3 MIC-F -~rd 3 M3C-F.)

3. Port—pzing tho joints after welding docrcrescd slishtly
both the stetic stroncth end tho frtigue ntrength. (Cf. 3 M1C-F
and 3 M2C-F.)

Fi;qaroc 30 end 31 show losd~life curven for soccincus with
the Boeoingz t—vo joint. It in iatercstirg to notc tho reletivoly
lerzo docreano in fatismuo ntrongth vith docrosaing lond ~nd
1ifotlnos incroasing to 107 cyclcs.

Figuro 32 shows lo~d-1ifo curvos for lro—joint mpocinons
of 0.064-inch shoot. It will bo noticed th~t the ooumo goncral
rcsults hold for jointa ir 0.06%-inch ehort ro held for joints
in 0.040-inch matorianl.
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Tablo 37 shows some values of Joint efficioncine. Joint
officlency is horo dofined as the ratlo of tho strensth ver inch
of joint to tho strength~per—-inch width of tho sheet materinl nt
tho somo lifetimo and at the gemo loed ratlio. Valuos for poat-—
egod ehret wore used for all Jointod epecimens post-eged olther
befors or after weldirn-,

Fisuro 33 shows smoothed—-out curves of joint efficlency
against 1ifctino plottod from tho vnluzs in toble 37. Witk one
oxcoption, tho fatlijue joint officloncies proserve the same order
as tho sttic valuos. The frtigue velucs arce alweys lowoer n~nd
docrcaso somewhat with docreasing loed and incroasing lifotime.
Tho one oxcoption is the curvo for 3 N1E-D (tire> rows of snots
in 0.064~1in. shcot) vhich showe joint efficiencics docronsing
reapldly with docrocsing load ~nd incrensing lifetime. Thio trond
cen bo obaorvod, of course, in the steop lor~d~life curvos for these
gpocizens. (Sce fig. 32.) Yo cexplenation will bo attomptod now.
In comparing the Booing joirt (5 UlC-F) results with rosults for
tho othor pattorns, 1t rmst bo kost in riind thnt thoso Booirng
joints woro made with roller welds. .Provious tocts (roforonce 3)
heve indlcated thnt roller welds nay bo slightly weakor in fatigue
than spot wolds.

Cor.clusions

Usoful interyrotation of tho rosults noted aAvbove rcquires
correlantion with previousrly rovorted datr and vory carcful con—
sidor:tion of the linlt-tlons noccsscry in drowing gonoral con-
cluslons from gorticul~r laborntory tosts. It is boliovod do-
sirablo to omit prom~ture conclusliona from this progress rooort.

It noy bo oboerved thot, 1n genoral, variati:ns of fatiguo
strongth with verintions of spot-weld pnttorns have followcd
the ordor of variations in stotic stroagth.

YI. TATIGUZ TESTS Oi LAP-SOIT SPECIME.'S
WITH VARIOUS RIVET PATTE"MS
Tast Plccos and Static Tost Rosults

For purposes of corparison, tosts were mado on lap-joint
soocliens fastoned by various pattorns of flush rivots. Teble
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38 glves specifications for the test plecos end figures 34, 35, crd
36 showv photographs of the various types of Joints. In choosing
the rivet patternas, 1t was not the intentlon to duplicato o:ectlw
tho. gpot~weld pattorns but rather to use rivct spacings charactor—
1otlc of good commorclal p?-a.ctice.

* Table 39 gives tho rosults of static teets end shows static
Joint officiency valuos (hesod on a static ultimate of 66,700 vsi
for tho shoet as roceivod®and 69,000 psi for the post-agod shoot).
The Joint officiency 1s here defined to bo tho strength por gross
irch of the Jointed specimen dividod by the strength-per—inch width
of & monobloc spocimen of tho scme gage sheet.

It mny be obeerved from the voluee listed in tebloe 39 that:

1. For tho single-row spocimens (P1C-D and P1C-F), tho
1/2-inch spacing gave a stronzer joint than did tho 3/U-inch
spacingz.

2. Por the 3/4-inch sprcing single row (PLC~D ~nd P20-D),
tho post-a;ed spocimens gnve o hicher Joint officiency.

3. Tor spocimens with two rows thoae (QLC-D erd T1C-D)
wlth ~pproximetely _3/1I--inch apecing betwcon rows were stronger
than those with closer spaced rows. Of these two, Q1C-D, which
hed 1ts rivets in line, mppeoarcd strongoer thni T1C~D in vhich
tho rivets wore steggered.

Fatigue Tost Rosults

Tables 4O through 45 show tho rosults of fatisue toots on
the various specimons. Firsuros 37, 38, 39, ~nd 4O show vnrious
lond-~1l1fo curvos plotted from those drta.

Figure 37 shows curves at threoe lond ratios for growp P1C-D
(e single row of rivets spaced 3/4 in. apart). Tho dottod line
shows, for R = 0.25, the ourve for the same typ: of specimens
post-aged (P2C-D). Apparently, although post-aging increased the
static Joint strength, 1t slightly decroased the fatigus strengths
oxcept at very high lords and vory shert lifetimes.

Figure 36 shows curvos (solid linss) for specimons (P1C-T')
with rivets spaced 1/2 inch apart. Thc spocimens with the closor
apaced rivets appear stronger both statically and in Tatiguc.
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The strength dlfforonce is most markod at very lQw loads and long
lifotinen. Xor cxarplo, ot = lifetime of 3 X 10 cyclos at = load
ratio R = 0.25, the 3/lY~inch epecing glvos only about 60 porcent
tho strength of the 1/2-inch specing.

Fizure 39 nphows curyeos nt R = 0,25 for spocimens with rivets
3/4 inch apart ir oech row. Tho incrc~se in strength on edding
a sccond row 3/4 inch awry 1s ovident on corparing tho two curvea,
Tho offoct of stoggoring tho spots for the two—row nattern is in-
nignificazt.) (30th obsorv~tions cpply monerally to fotifue curves
et R = 0.00.

Fi;uro 40 shows the load-lifc curvos for throe groups of
spcecinernn, 21l of which hnd a pattcrn corsleting of two rows of
stogrored rivets speced 3/4 inch rport in each row. Tho spocins
betwoen rows veried frou 3/16 to 11/16 iach. Apparontly, joints
with the lorseost spacing between rows woare strongont, beins ~bove
thnt for tho specinens (3 BlC-D) with o single row of spot welds
and qnnernlly noar the curve for spocimorns (% 11CG-D) with two rows
of spots. Arein the curve for spocinions (Q10-D) with two rows
of rivets lios very noar th~t for evocci.ionus (3 M1C-F) wita thrco
rovs of spot welds.

1th the possible orcoptior of the curve for = cinglo row
of rivots, tho order of the joint cflficloncios in fetizue 1s
much tho sane ns thot for ct~tic values (fig. 4). Thus, wailo
tho results indicato & gonerally lowor joint officlency in
fatizue than in strtlic tests, theor lmply that riveted joints
aro batter than spot-weldod oncs in fatiguo only rs thoy nrc
also better stetically (fis. 42). It also epnears posaible
that spot-weldod joints cer bo mnde th~t are mg atrong in
fatiguo as rivoted Jointe at tho poassible exvcnge of heving
an extr~ row of spot welds.

Brttollo lionorisl Instituto,
Colunibus, Ohlo, Juno 1, 10uk,
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TABLE 1. WELDING CONDITIONS FOR SHEET OF UNEQUAL THICKNESS

Ae Spocimnll of Lot A Welded on a PMCO=2-8
Sciasky Welder

R Sheet Thicknesses

Settings 034 ~ <040 o -
Max. onergy relay 162 180
Resistance blooks 5&6 526
Contactor pales 8 8
Initiating switch 30 35‘
Wolding press., gage 50 54
Forging press., goge 50 54
Forge tims roeley 3 3
Pressura Appl> variable varioble
Hold time relay (-] 6

B. Specimens of Lot B Welded on & Teylor-
Winfield rocker arm type stored energy
maohine

Sheet Thicknesses

Settings 026 - 032, 032 - 032, 032 - 040, 032 - 061
Pressure (Lbs.) 680 800 910 B850
Charging Voltage 1200 1360 1400 1350
lcapaoity (mfds) 960 960 1200 1200
Holding time (dial) 3 3 3 3

TABLE 2. WELD DIMENSIONS AND STATIC STRENGTHS - SHEETS UNEQUAL GAGE

Indentation
Specimen Gages Dismester Penstration in Thinnest Statio )
[Deasignation of Sheet df Weld of Weld Sheet (Lbs./Spot) Romarks
EIBC-D .032" = 040" |0.1290" ¥ 0.01" 50% in 0.040" 0.004" 529 | Welded on PMCO-2-8
80% in 0.032"
Q) «040* - 040" 0.230" 65% 0.005" 616 . | Soiaky mechine
BICD-D «040% - LO0B1" 0.190" 60% in 0.051" 0.004" 676
76% in 0.040" -
-
RIAB~D 04025" = 0.032" 0.120" 35% in 0.032" 0.004" 310 Welded on Taylor ~ Win-
¢ 50% in 0.026"
0.032" - 0.032" 0.125" 60% 0.002% 378 field rooker arm ‘type
RIBC~D 0.032" - 0.040" 0O.140" g in 8- g" 0.004" 438 ?‘ stored energy machine
in 0.032"
(1) 0.040" = 0.040" 0.175" 58% 0.006" 520
EIBD-D 0.032" - 0.051" 0.190" 65% in 0.051" 0.006" 484
[ 45% in 0.032" -
{1) These comparison values have been taken from previously reported work. In gensral the
welding conditions were similar to those giwen in Table 1.
(2) Static values wars obtained at Battelle on six spot specimens exactly like those tasted in

fatigue. Values reported by the welders for single spot coupons vary slightly from those
given above btut show exactly the same order for different gages.




TABLE 3. FATIGUE TEST RESULTS FOR SPOT-WELDRD LAP JOINT SPECIMENS OF o |

SHEETS OF UNBQUAL THICKNESS E
Specimens of Lot A, Sheots 0.032% to 0.040" s
o E
L]
Maximm Load °
Total
Specimen No. Lbs. Lbs./In. Lbe./Spot Cycles to Failure Remarks 5
P
Ratio 26
BIBC-SD 1660 330 275 14,800 +040" sheet cracked welds pulled in -(ﬂ"
7 1500 300 250 19,200 Welds pulled in 032" sheet
1 1250 250 208 61,700 Partially pulled welds in 032" shost
2 1000 200 167 260,500 Fatigue cracks in both sheets
3 - 878 178 146 489,400 Fatigus oracks in both sheets
5 780 156 130 545,200 Fatigue cracks in +032" sheets
6 780 . 156 130 547,700 Fatigue cracks in 032" sheets
4 760 150 126 1,576,800 . . L .
8 660 130 108 1,861,900 " . v o= .
10 626 125 10¢ 3,174,400 » " . »
|Ratio 60
16 2100* 420 350 7,300 Pulled welds in .032" sheet
13 1800 360 300 35,300 " "o "
12 1500 300 250 120,500 Fatigue oracks in both sheets
11 1250 250 208 286,900
36 1200 240 200 342,100 Fatigue cracks in .032" sheet
16 1000 200 167 1,115,100 " » non v
18 850 170 142 2,384,100 Fatigue cracks in «032" sheet
17 825 165 138 1,446,800 Fatigue oracks in .032" shest
19 750 150 125 4,036,900 Fatigue cracks in 040" sheet
20 700 140 117 > 18,936,700
Reload 1800 360 300 34,300 Pulled welds in 032" gheet
4 600 120 100 >10,213,200
Reload 1500 300 280 172,200 Fatigue ocracks in both shoets
10 .
22 2600 420 433 23,000
32 2300 460 383 113,200 Pulled welds in «032" shest
26 2000 400 333 121,300 " " "o . .
24 1760 360 291 326,800 Fatigue cracks in 040" sheet
35 1500 300 250 1,130,300 Fatigue cracks in both sheets
25 1400 280 233 1,085,100 " A L "
27 1250 250 208 1,567,200 " » .. "
34 1200 240 200 3,822,500 " . L "
21 1125 225 188 4,263,000 Fatigue cracks in OWO" shee
23 1000 200 167 4,320,700 Fatigue cracks in ,032" sheet
33 S00 180 150 >15,972,900
Reload 1500 300 250 1,544,700 Fatigue crucks in both sheets b=t
—_— — ———  ————————
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TABLE 4. FATIGUE TEST RESULTS FOR SPOT-WELDED LAP JOINT SPECIMENS OF
SHEETS OF UNEQUAL THICKNESS
Specimens of Lot A, Sheets 0.040" to 0.051"
Raximum Load
Total
Specimen Noe Lbs. Lbae/Ine. Lbn-/Spot Cycles to Failure Romarks
Ratio «26
BICD-8D 2250 450 376 7,000 Pulled welds in 040" sheet
7 2100 420 350 14,300 " " . n -
3 2000 400 333 14,900 . " " " "
1l 1760 360 292 39,500 Fatigue oracks in 040" gheet
2 1350 270 225 109,400 " " " . "
4 1100 220 183 228,700 " " " " "
-] 876 178 146 1,097,200 " " " " "
10 850 170 142 767,100 » n L "
28 826 165 137 1,705,800
6 800 160 133 > 9,849,300
Reload 16500 300 250 123,100 Fatigue aracks in 040" sheet
Ratio «60
13 2760 6560 458 1,100 Pulled welds in 040" sheet
13 2376 475 396 32,400 " " - " "
18 22560 450 376 39,400
12 2000 400 333 108,500 Fatigue oracks in both sheets
11 1500 300 250 220,700 v " " " v
17 1400 280 233 427,700 Fatigue worse in «040" sheet
14 1126 225 187 1,268,100 Fatigue cracks in «040% sheet
16 1000 200 167 3,039,900 " " " . *
16 1000 200 167 > 9,412,200
Reload 1760 350 292 144,800
9 900 180 150 > 10,229,400
Reload 1600 300 250 263,300 Fatigue oracks in both sheets
27 3250 650 6542 40,700 Pulled welds in 040" gheet
25 2850 §70 475 179,200 b " L "
22 2500 600 417 429,200 Fetigue cracks in both sheets
36 2400 480 400 286,900 Pulled welds in both sheets
36 2100 420 350 426,300 Fatigue oraoks in both sheets
2l 2000 400 333 1,291,800 " " won »
23 1700 340 283 2,255,000 Fetigue cracks in 040" sheet
26 1600 320 267 3,485,500
32 1600 300 250 2,576,000 Fatigue cracks in 040" sheot
354 1400 280 233 > 17,886,500
Reload 2500 500 417 148,900 Fatigue oracks in 040" sheet
33 1300 260 217 > 11,472,500
Reload 2700 540 450 143,400 Pulled welds in 040" sheet
20 1200 240 200 > 10,368,400
Reload 2400 480 400 344,900 Fatigue cracks in both sheets




TABLE 5. FATIGUE TEST RESULTS FOR SPOT~WELDED LAP JOINT SPECIMENS OF
SHEETS OF UNEQUAL THICKNESS

Specimens of Lot B

—— —— e ———— e |
(- Maximum Loed
Total
Specimen No. Lbs. Lbs./In. Lbs./Spot Cycles to Failure Remarks
Sheet 0.025" to 0.032"
Ratio «25
EIAB 2 D 1000 200 167 7,400 Sheared welds
c 7 875 175 146 24,900 3 sheared welds - 3 pulled buttons
1 750 150 125 65,000 Fatigue oracks in both sheets
3 625 125 104 318,100 " " . . n
9. 540 108 80 936,600 Fatigue cracks in 0.025" sheet
4 500 100 83 1,119,400 " . "o "
5 400 80 67 1,822,200 " " "o "
8 400 80 67 4,154,100 " " P "
6 360 72 60 4,755,600 " ' o .
Sheet 0.032" to 0.040"
EIBC 2 D 1250 250 208 20,800 Fatigue cracks in 0.032" sheet
1 900 180 150 177,000 " b won "
3 650 130 108 944,600 " " "o "
4 650 110 92 1,287,700 " " woom "
Shest 0.032" to 0.051"
EIBD 2 D 1500 300 250 11,700 Sheared welda '
cC 4 1200 240 200 79,700 Fatigue cracks in 0.032" sheet
Buttons pulled in 0.051" shest
1 1000 200 167 245,000 Fatigue cracks in 0.032" gheet
7 810 162 135 770,300 Fatigue cracks in 0.032" sheet
8 810 162 135 695,500 " " v " »
3 750 150 126 1,706,000 Fatigue cracks in both sheets
S 675 135 112 1,407,600 Fatigue cracks in 0.032 sheet
6 600 120 100 > 17,166,800
Reload 300 60 50 > 1,967,400
2od Reload 2500 500 417 300 Sheared welds
9 550 110 92 2,344,800 Fatigue cracks in 0.032" sheet
444*“-----J-- — == —
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TABLE 6.

1,000" X 0,040" AT CENTER SECTION

FATIGUE TEST RESULTS FOR MONOBLOCK SPECIMENS OF 248-T ALCLAD

;m
Maximus Load ' Type of
Specimen No, Total Lbs, Pesod, Cysles to Failure Failure
Batio .26
4A1C 6 2580 64,000 26,700 1/4" off oenter
4 1948 50,000 112,000 3/8%  ditto
1l 1660 40,000 234,900 9/16" -
2 1166 30,000 927,100 1/2"% .
3 1054 27,000 11,410,800 Did not fail
Ratio .60
7 2496 64,000 138,500 7/16" off center
8 2106 64,000 492,900 1/4"  Bitto
8 1710 44,100 1,722,200 1/8" .
Static Tensile Resulte
Static Ultimato, Static Yield, Elongation,
Specimen No. Pe8ois peBed. % in 2"
4AlC 9 67,180 41,800 15.3
10 66,150 41,100 16.7
———
TABLE 7. TFATIGUE TEST RESULTS FOR MONOBLOCK SPECIMENS OF  7568~T ALCLAD

1,000™ X 0.040" AT CENTER SECTION

W

E.:I.mm Load Type of
Spsoimen No. Total Lbs. | pes.i. Cyocles to Failure Failure
Batio ,25
XALC 6 2496 84,000 22,400 §/16" off center

3 1948 50,000 72,900 1/8" " ot

& 1634 43,000 65,000 12+ "

1 1560 40,000 111,900 at *

4 1292 34,000 260,700 1/4" off "

2 1170 30,000 >10,116,300

Reload 1656 45,000 84,600 1/8% ¢ "

Ratio .60

8 2220 67,000 347,400 9/16" off center

7 1362 36,000 >12,117,200
Reload 1850 50,000 921,900

Static Tensile Results
QWatic Ultimate, Btatic Yield, Elongatlon

Bpecimen No. PeSaze PeSais %, in 2"
ku.c 9 78,300 86,800 9.3

10 77,600 66,600 9.6

—— ——

30
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TABLE 8. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS OF 24S-T ALCLAD
WITH ONE ROW OF SPOX WELDS 3/4" SPACED
(Group 45%01))
Maximum Load
Total 1. j Cyclez to
8pecimen Nos' Lbs. | Lbs./Spot | Ibs./In. Failure Remarks
Batio .25
4BIC 4D 2000 333 400 2,900 Shear
¢ 1 1500 250 300 38,000 * and pulled button

2 1000 167 200 423,800 Fatigue eracka

5 800 133 160 1,055,600 ditto

3 700 116 140 5,453,800 "
Ratio ,60

8 2000 333 400 49,600 Pulled buttons

[} 1500 250 300 249,200 Fatigue oraoks

7 1000 167 200 1,683,200 ditto

9 800 133 160 > 13,743,700
Reload 1700 283 340 127,300 Pulled bottons

Static Tensile Results
Static Ultimate
Speoimen No. Total Lbs. Lbe./Spot | Lbs./Inch
4BIC 14D 2700 450 633
S 16 2600 433 507
TABLE 9, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMFNS

OF  755-T ALCLAD WITH ONE ROW OF SPOT WELDS
3/4 INCH SPACED
X

(Group B1C-D
C

Maximum Load
Total Cycles to
Specimen No. Lbe. | Lbs./Spot | Lbs./In. Failure Remarks
Ratio .25
X
B1C-3D 2000 333 400 3,800 | Shear
2]
1 1500 250 300 32,000 Fatigue cracks
2 1000 16 200 147,100 Ditto
L 700 11 140 983,200 "
5 580 97 116 1,279,100 v
6 L8o 80 96 > 11,462,500 v
Reload - 1000 166 200 197,500 L
Ratio .60
15 2400 L00 480 8,500 | Shear and pulled
bottons
9 2000 333 400 36,300 | Pulled buttons
7 1500 250 300 149,200 Tatigue cracks
] 1000 167 200 895, 800 Ditto
Static Tensile Results
Static Ultimats
Specimen No. Totel Lbs. Lbs ./Spot Lbs./1n.
B1C~11D 2780 L63 556
12 2960 493 578

2l




TARLE 10, SPECIFTICATIONS OF SPECINENS WITH VARIRD SURFACE PREPARATIONS AND WELDING COXDITIONS

stat1c!®)Jotat | Cracks
Load,| Xff, | via
LGroup Surface Preparation Velding conditions(?) |(1vs.) (%) |X-ray Resmarks
4, Alcohol dip and wipe. D.0. weld, Tp force | 4ghO 89.0(5) ¥o Speclally made welds vith fused Alchd
Sol. 14 etch, (1) Wire. 13704, 1.65KV 800 mfd, ring around t (good corona bonding)
brushed. Welded within 195 turns ratio JOO#/ adds approx. 35% to spot strength.
1 10 min, spot setup () '
B, Diversey cleaner, D.C. weld. Tip rorce 4530 | 84.3 Yes Note larger welds compared to first
Clepo etch, wire brushed,1200f, 1.88XV 800 mfd, group of specimens,
Welded within 10 min, 195 turns ratio Dome
tips 3"R 8254/spot
setup
4. Alcohol dip and wipe. D.C. weld. Tip force | U150 73.1&(5) Yes Corona bonding poor. lLarger nuggete
Sol. 14 etch only 13708, 1.75KV, £00 =mfd than Group 1. Lower eff. dus chem
195 turns ratio 5708/ cleaning. ‘
2 spot setup
B, Diversey cleaner D.C. weld, Tip force 3800 70.3(1‘) Yes Hote larger welds compared to first
then Clepo etch only 12004, 1.88XV, £00 mfd group of specimens.
195 turns ratio Dome
tips 3"R, 650#/spot
setup
A. Alcohol dfp and wipe, A.C. weld, Tip force | 5180 | 95.0(5) | Ko Good corona bonding adds spprox. 0% to
Sol, 14 etch. Wire brush-790#, 24000 am spot strengthe
od, Welded within 10 min.timing 8c; 750¥/spot
3 setup n
B, Diversey cleaner, A,C, weld, Tip force 5000 91&.}( ) Fo Hote larger welds compared to first
Clepo etch, wire brushed.f00f, 24700 amp. tim- group of specimens.
Yelded vithin 10 min, ing 8¢, Dome tips 3*
® 8508/ spot setup
y 5-A176% 100° rivets 3/16" diam. Both sheets 4100 73-6(5)
dimpled. 1000#/rivet
5 12-A17ST 100° rivets, 1/8® diam, 4430 32.7(1*) Believed to be best
tivet capdinatian
(1) Soi. 14 developed by R.P.I. .
(2) D. C. welds made on Federal Model P3-12-RA machine, thrott 21¥, Tips EIX alloy 3* R.
A, C. welds made on Federal F3-12-BA, thront 217, G, B, Cntrol Panel CR7503, Tips 3" B,
(3) Average valued for these specimens.
(4) 3Based on actual dimensions and 66,400 p.s.l. for pa.rent met.al
(5) Based on actual dimensions and 66,900 *
The above information was furnished through the cou:rtesy of Hr. C. ¥. Steward,

*ON HUV VOVE
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TABLE 11,

FAYIGUR TEST RESULIS POR SPECIMERS WITH VARIED SURFACE PREPARA~

TIONS ARD WELDING CONDITIORS

TABLE 11, CONTINUED

= .
pe o imen Maximoe Load Cycle s to Average Cycles |Bpeoimen and Maximum Load Cyoles to Average Cycles
d Group (Total Zds,) Pailure to Failure Group (Total Lbs,) Failure to Failure
roup 1; D.C. Welds (ot B) roup 3: AC Welds (lot B)
wire brush wire brush .
lot A A
1 070 15,300 1 3070 6,200
4 1538 104,900 4 1536 89,300
7 20 2243,800 7 920 612,100
ot B t B
2 %70 M,0000, 2 3070 54001
3 3070 13,000 13,460 3 3070 8,700 6,050
5 1535 sa.coo} — L 5 1636 81,5001 _
6 1535 122, = 110,350 p 1o38 80800 1 81,160
8 %0 600, - - 8 920 287,6007 __ __
9 %0 563,800 590,900 9 520 264100 276,800
froup 21 D.C. Welds roup 4: 6 rivets
chem clean 1 3070 6,200
2 3070 8,200p—u — 6 400
ot & 3 3070 4.300
1l 3070 19,700 4 1535
4 16536 65,800 6 1685 99,500 — <=e 109,600
? °0 307,500 6 1635 139,700
ot B 7 920 119,
2 0% 3,700 4,050 8 920 — — 697,000
3 % 4,400 — — 9 820
5 16% T500Y i o 0
: 1: 13,700 up 653 12 rivets
——— 406,080 1 3070 1n 3oo
» %0 ao.ooo} o 2 3070 10,300 p—— —— 10,300
3 3070
4 1536 uo,z
6 1536 115,2
7 920 £,167,800
8 20 1,137,300 p ~— 1,503,600
9 920 1,206,600

Note:

—
m—

A1l tests at load ratio of 0.25,

|
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TABIE 1S. FATIGUE STRENGTH AS A FUNCTION OF SPOT SIZE IN SPOT WELDS MADE WITH DIFFERENT SURFACE PREPARATION

Weld Penetration,
Lbse Total] Cycles Corona Diameter, | Corona Areas, Nugget Diameter,| Nugget Area, | % of Total Sheet
Specimen | Load to Pallure | Inches (Total) | Square Inches Inches Sqe Inches (2 X 0.040)
AC-WB-§1 70 8300 0.278 «06502 Oe1156 «0104 50
ACWB 3070 65400 0.288 «0389 0.183 «0264 65 5
AC-WB. 920 512,100 04275 +0469 Q.126 «0125 50
AC-WB-48 920 287,500 04290 0416 0.177 #0246 65
DC-WB-41 3070 15,300 04230 #0242 0,149 «0174 50
DC-WB~42 3070 14,100 06250 #0275 0.166 «0216 66
DC~WB 7 920 R,243,800 04285 «0384 0.180 «0255 65
DC-WB-§8 820 600,000 0e265 0269 0,190 «0283 65
DC~CC=§1 3070 19,700 04260 <0277 0.180 «0265 50
DC=CC~§2 W70 3,700 0.256 +0202 0200 «0314 65
DC~CC-47 920 307,900 0e261 0296 0.159 «0199 50
DC=Cu~46 920 412,100 0.258 «0218 04187 +0305 50

14, ,
AC - Altornating ourrent TABLE 14, WELDING CONDITIONS FOR PANELS FROM CALIFORMIA INSTITUTE
" OF TECHNOLOGY
DC - Direct ourrent
WB -~ Wire brush cleaned

"ON HYV VOV

TOdY

CC - Chemioally 'cleaned

* Ares assumed bonded. The extent of bonding was estimated from the appearance ;
of welds after the sheets were torn aparte torial; 0.040" to 0,040" Alclad 245-T
Machine; Taylor-Winfield Hi-wave, oondenser
discharge welder, 440 line volts,
lectrode pressure; 1100 lbs. (constant
apsoitance: 960 mfd, (oonltmt;
oltage: ——ee (variable)
hroat: §iinches (constant)
ra: 91
TABLE 12, APPROXIMATE JOIRT EFFICIENCIES FOR SPECIMENS WITH VARYING dius top electrode 4 ﬁh::d‘" g:::::;‘:g
SURTACY PREPARATIONS dius bottom eleotrode 4 inches (constant)

Material cleaned in Qakite $63 and Oukite 64

pecimen Joint Eff, in Per Cent at Various Lifetimes Panel Jo. Voltage

'ype 107 Oyoles |6 x 10% Dyolss llos Oycles [ 5 x 107 Oycles |10° 0y0101 1350 !
1800 1
1600 :

54-63 38-47 1700 :

58-64 1800 i

1925 .

2025

21256

2250

31-42 30-38 - =38
42-47 40-44 36-41 36-41

OO0 0> OGN

Above are approximate limiting values from the soatter bands shown in Figure 3.
c.loulsazion- use gross area in both cases and sheet date from Reference 3
page .
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TABLE 16.

MROPERTIES OF SPOT WELDS FROM CALIFORNIA INSTITUTE OF TECHNOLOGY SPECIMENS

) Mex. Max, Average (2)
Avg. Wold ot Diameter AvE. Corona Diametsr Average Offset Indentation Static Shear
Panel [Radiographs, ﬂcrogrnp}u, EAEIoganI, Wlorographs, | Penstration, from Cehter | on One Side,] Strength,
umber Inches Inches Inches Inches Inches Line, Inches{ Inches Pounds/Spot Remarks
1 0.131%0.010 | 0.102%0.010 | 0.21420.010 { 0.226%0.,001 | 0.020%0.003 0 0.004 230%30 A few abnormally
large welds are in
this group. Some
welds unbonded with
. . . . . . included Alclad.
2 0,139=0.010 0.122-0.010 0.224=0,010 | 0,236=0,001 0.031~0,002 0 0.005 320-20 Very evenly shaped,
no oracks or includ-
R . . . . . od Alclad in nugget.
3 0.170=0.010 0.162;0.005 0.247-0,010 | 0,249-0,001 0.037-0.003 0 0,008 419-20 Ditto #2
4 0.179%0.010 | 0.171%0.010 0.250%0.010 | 0,259%0,002 | 0,040%0.005 0.002 0.007 430220 Bugget shape becomes
- distorted, other-
. . . . . . wise OK.
5 0,198~0,.010 0.19%-0,005 0.260-0,004 | 0,270«0,001 0.051=0,005 0.002 0.007 570=10 Kugget rounded on
one side.
6 0.213%0.010 | 0.202%0,000 | 0.271%0.010 | 0.285%0.002 | 0.058%0,006 0,004 04007 583%5 Mugget approaching
- ‘ < "dumbbell ‘shepe s
7 0.228-0.010 0.220%0.005 0.283%0,007 | 0,294%0,002 0.062%0.008 0,005 0.008 735=10 Some amall transverse
cracking.
8 0.244%0.010 | 0.245%0.005 | 0.301%0.010 | o0.312%0,005 | 0.065%0.005 0.007 0,010 963410 Cracks and porosity
Nugget melted through
. " . . . outer Alclad.
9 0.262%0.020 0,248+0.010 0.314=0,020 | 0,320-0,015 0.070-0.005 0.007 0.012 1076 -40 } A few abnormally

small welds are in
this group., All welds
overheated with
cracks, ‘porosity and
melting of outer
Alclad.

(1) Total diemster of coroma ring = not a direct measurement of corons ares.

(2) Average of results fram 3 specimens.

Hotet

Nearly all welds were round with respect to the surface having the
same diameters parallel and perpendicular to the direction of testing.

*ON HHY VOVN
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NACA ARR No. 4701

TABLE 16. FATIGUE TEST RESULTS FOR SPECIMENS WITH A
WIDE RANGE OF SPOT WELD SIZE AND STATIC STRENGTH
' VALUES

Specimens: 3" Wide, 0,040" - 0,040" Alclad 2482,
3 Spota in row Transverse to Loading

I Maximum Load
Specimen [lotal |[Lbs./ [Lbs./ Cycles to
No. Lbs., | Spot | In. Failure Type of Break
|Batio ,25
HIC 1-3 | 522 174 174 59,000 Shear
1-4 | 398 133 133 1,613,900 Fatigue crack
1.2 | 318 108 106 2,958,000
2-3| 780 | 250 250 2,900 Shear
2-4 | 570 190 190 130,100
2-21474 158 158 831,900
2-51 390 130 130 2,499,000
3-3| 900 300 300 4,800
3-1[ 615 205 205 138,500
3~2 | 393 131 131 1,206,200
3-4 | 348 116 116 3,410,100
4-1] 738 245 245 800 Shear
4-3| 735 245 245 46,900
4-2 | 468 156 156 974,400
4-4 ] 390 130 130 4,158,000
5-1| 846 282 282 44,100 Pulled buttons
5-4 | 540 180 180 321,500
5-31 339 113 113 pr9,275,100
Relcad [1200 400 | 400 3,200
6=-1| 864 288 288 17,200
6~2 | 552 184 184 416,000
6-3] 480 180 160 818,000
6-4 | 408 136 136 2,298,600
7-1[1104 368 368 13,100
7-4 | 840 280 | 280 82,700
7-2| 702 234 234 147,400
7-3 | 450 150 150 2,351,800
8-1 (1428 476 476 5,500
8-2| 912 304 304 67,400
8-3{ 630 210 210 331,100
8-4] 420 140 140 4,075,600
9-1 1596 532 532 2,100 Pulled buttons
9-2 1014 338 338 102,900
9-3 720 2y 2bo 247,300
9-4 450 150 150 >10,238,700
Reload 1800 600 600 3,300




TABLE 17.

SPECIFICATICNS FOR SPECIMENS WITH

VARIOUS SPOT WELD PATTERNS

Distance (2) TABLE 18, STATIC TEST RESULTS FOR SHEET USED IN SPOT WELD
Spot Between PATTERN SPECIMENS
Specimen No,. | Total Spacing | Overlap Rows
Designation |Rows |No. Spots| (Inchee)|(Inches)| (Inches) Romarks (A1l Sheet 243¢T Alolad)
(All Test Pieces 1" Wide at Center Section)
0,016" sheet
- 4 s0(1) 3 13  |(See Fig. 3) [Boeing joint
Ultimate Yield BElongation
R Gage (Q.2% in {in 2")
1 6 3/a 1 Specimen (Inches) (pes.ia) (peseis) (%)
2 12 3fa X FL
2 18 z 1?- g L |As_Received
2 12 3/4 15 2 S AlF 8 0.016 66,250 45,600 13,2
IAIF 9 0,016 66,250 46,100 13.9
3 18 3{4 2 —1? 3
3 29 § 2 3 S 3 AlC 12 0,040 66,200 46,800 14,2
3 29 A 2 z S Post-aged (3) |13 AlC 13 0.040 66,700 45,600 14.1
after welding
3 29 1 2 is Post-aged be- |[5 AlC © 0.040 67,200 43,680 14,3
fore welding(3)][5 Alc 10 0.040 67,200 43,680 16.6
IS Tic-F 4 40(1) % 2 (See Fig, 3) |Boeing joint 3 AlE 12 0,064 69,900 50,266 16.2
roll - welds 3 AlE 13 0,064 69,900 50,266 1644
9.064' shoot /
- 1 6 3/4 1 [Post-Ageds
3 AZC 22 0,040 68, 700 64,200 4.5
3 N1E-D 3 18 3/ z% 348 3 A2C 23 0,040 69,000 63,900 4.4
3 ¥2B-D 3 18 34 25 3/4S Post~aged (3)
after wolding 3 A2E 20 0,064 73,200 68,300 %8
3 ¥3B-D 3 18 3/4 2% 3/48 Post-aged be:, |13 AZE 21 0.064 73,200 67,900 4.5
fore walding(")
(1) Inthese tests, the total number of spots varied slight- * Heat treated ten hours at 370°F,
ly from one specimen to another. Velues given here are
average ones, Slight variations in individual proups
are discussed in the text.
(2) S denotes spots in adjacent rows staggered, L spots in
Tine. See Figures 19, 20 and 21 for illustrations.
(3) Heat treated ten hours at 370°F.
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NACA ARR No. 4FO1 28

TABLE 19, WELDING CONDITIONS FOR LAP JOINTS WITH
VARIOUS SPOT PATTERNS

Machine: Federsl Spot Welding Machine, Model P3-12-RA
Roytheon Condenser Discharge Unit, Spec. No.
W-4508.,

Speoimen Groups Degreasing Etochant

isﬁrfu oo Preparation

{
3 B1C-D, 3 K1C-D, 3 KIC-F,)

3 L1C-D, 3 M1C-D, 3 MI1C-F,) Diversey Clepo
3 B1E-D, 3 N1E-D, 3 N2E-D,)
3 N3E-D
3 M2C-F, 3. M3C-F Acetone dip and wipe R,P.I. Sol'n. 14
Tip Foroce
Specimen Groups (Lbs.) K.V. Ufd.| Turns Ratie
Machine Settin

3 B1C-D, 3 KiC-D, 3 KIC-F,)
3 L1C-D, 3 M1C-D, 3 MIC-F,) 1200 l.76 800 1886

3 M2C-F, 3 M3C-F

3 BlE-D, 3 N1E-D, 3 N2E-D 2000 1.98 1800 380

3 N3E-D | 2000 1 .80 1800 390

Noter 3" Rad. dome tips used for all groups.
TABLE 20. HELDING CONDITIONS FOR BOEING JOINT SPECIMENS

1, Details for joints in 0,016" sheet are not evailable, Conditions
were those of oommerciael praotice,

2. Joints &in 0,040" sheet were made on a Federal Condenser Discharge
Roll Spot Welder, Serial 8908, 440 volt, 60 cycles. Conditionstr

Etch - Six minutes in Oskite 84-A
Upper Wheel: (10" diameter
(#" wide face with 13" radius

Lower Wheel: (113" diameter
(7/8" wide flat face

- — |

Note: Spots not exeotly in chain alignment, but
same as those being made for airplanes,
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NACA ARR No. 4F01

TABLE 21, STATIC STRENGTH FOR LAP JOINTS WITH VARIOUS
SPGT PATTERNS
Lbs. per Join® Eff.
{specimen Group . Total Lbs, Spot % - -
UlF-F 3,330 61 &8
3 B1C-D 3,808 6834 20
3 K1C-D 6,930 577 52
3 Kic-F 8,970 500 88
3§ L1C-D 6,615 550 50
3 M1C~D 8,860 493 87
3 M1C~F 10,250 354 17
3 M2C-F 9,360 319 68+
3 M3C-F 11,050 381 80»
§ UIC-F 3,700 226 b
3 B1lE«D 8,970 1,161 31
3 N1B~D 14,760 820 88
3 N2E-D 17,170 956 76+
3 N3E-D 18,240 1,013 80
#llged statio ultimate of post~aged sheet.
TABLE 22, PATIGYE TEST RESJLTS FCR MONOBLOCK SPECIMENS OF

SHEET USED FOR BOEING JOINT SPECIMENS

8peoimsn No.

Maximum Load
Total
Lbe.| p.s.i.

Cyoles to Failure

Position
of Break

(0.018" gage as received)

Ratio ,25
AlF & 1024 64,000 28,400 |Failed 1/8" off otr.
4 966 60,000 31,100 Failed in center
2 836 62,000 72,700 |Failed 1/16" off otr,
1 640 | 40,000 368,000 |Failed 5/8Y off otr.
8 578 36,000 3,147,300 Falled in center
] 482 30,000 > 9,947,100 Did not fail
Reload 844 40,000 308,400 Failed in center
Ratio .60
AlF 10 966 60, 000 661,400 Failed 1{2" off otr,
12 912 57,000 545,200 " no.
11 880 65,000 2,708,600 Failed 11/32" off otrd
7 8OO 50,000 >10,168,800 Did not fail
Reload 976 62,000 497,100 Failed 1/8" off otr.
(0.0¢0" gage as received)
Ratio .25
6 AIC 8 2800 65,000 32,800
3 2410 60,000 83,600
1 2010 50,000 117,100
2 1610 40,000 262,600
4 1360 | 34,000 563,400
6 1044 26,000 2,384,900
Retio .60
5 AlC 7 2400 60,000 239,800
6 1800 45,000 2,942,800

39



TABLE 23,

FATIGUS TBST RESULTS FOR MONOBLOCK SPECIMENS
OF 0,040" 248« ALCLAD

Maximum Load
Total] Pogition
Specimen No, | Lbs.| p.s.l.| Cyoles to Failure of Break
Ratio .25 }n received
S AIC 6 2600 65,000 36,000 Failed in center
§ 2400 | 60,000 49,200 . L
2 2000 | 60,000 101,000 |Falled 1/4® off ocenter
4 1760 44,000 171,300 Failed in center
1 ‘520 | 38,000 301,000 |[Failed 1/2" off ocenter
17 1288 | 33,000 410,200 |Pailed 7/16" off center
3 1200 | 30,000 775,100 |Failed 1/8" off center
7 1080 | 27,000 910,200 [Failed 12" off center
9 1020 25,500 2,333,200 Failed in center
8 960 | 24,000 7,546,900 [Failed in lower grip
Eltio +«50
3 A 15 2605 | 65,000 99,500 |Failed 3/6" off oenter
11 2206 | 55,000 206,100 |Failed 1/4™ off center
14 1522 38,000 1,434,800 Failed in center
16 1440 36,000 2,946,400 Failed 1/4" off center
18 1320 | 33,000) 11,347,700 |Did not fail
Reload 2000 50,000 224,800 Failed in center
[Ratio .75
3 AYC 10 2600 86,000 805,600 Failed in center
21 2210 | 55,000 4,423,600
1Rnt:i.o «25 Dolt-aged.
3 A2C 26 2000 60,000 72,200 Failed in center
25 1600 | 40,000 145,200 |Failed 1/8" off center
20 1200 | 30,000 469,300 |Failed 1/2" off center
24 972 | 25,000 11,835,800 |Did not fail
Reload 1556 | 40,000 65,400 |Failed 1/4" off center
30 2400 | 60,000 30,200 |Failed 1/4" off center

* Heat treated ten hours at 370°F,

TABLE 24,

0,064" 245-T ALCLAD

FATIGUE TEST RESULTS POR MOKQELOCK SPECIMENS OF

[ ——— —_—— ——— _—  —— — ———
Maximum Load Position
|Specimen No.[Total Lbs,| p.s.d. | Cycles to Failure of Break
tio .26 A& received
3 A1B 9 4224 66,000 36,400 |Failed 1/8'off otr.
8 3840 60,000 48,400 |Failed 4"off center
6 3200 50,000 53,600
1 2560 40,000 201,300 |Falled in center
2 2180 34,000 439,300 LI
3 1860 29,000 894,500 |Failed 7AE"off otr,
7 1730 217,000 > 10,273,300 Removed unbroksn
4 1600 25,000 > 9,900,000 Removed unbroken
L 3
Ratio .25 Post=aged
3 A2E 17 4650 71,000 5,800 |[Failed 3" off otr.
18 3840 60,000 33,000 |Failed 5/8" off
center
18 3644 §7,000 54,200 |Failed 1/8" off
oenter
14 3200 50,000 113,600 |Failed 1/16" off
esnter .
10 2660 40,000 187,600 |Failed 3/4™ off
) oenter
11 1920 30,000 756,800 |[Failed 3" off otr,
16 1730 27,000 > 10, 705, 700
Reload 2660 40,000 176,900
| ———

s«Heat treated ten hours at 370°F,

TOJ¥Y °OK WUV YOVi
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TABLE 25.

WITH A SINGLE RCW OF SPOT WELDS

FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS

» Speoimen 3 B1C-D: Single row of apots 3/4" apart
in 1" overlep.

(Group 3 B1C-D 0,040" Sheet)s»
TABLE 26, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS
Maximum Load WITH TWO ROWS OF 8POT WELDE
LSpeeimn otal Lbs,/ [Lbs./
No. Lbs. Spot Inch Cycles to Failure Remarks
Ratio .28 (Group 3 K1C-D 0.040" Sheet)s
s B1C-1 D | 5200 533 640 300 Pulled buttons
2 2000 666 400 9,700 n "
Specimen | Maximum Load Cycles %o .
3 1250 208 250 397,300 Fatigue cracks To. Total Lbs, | Lbs,./Spot | Lbs./inchj Failure
5 1000 167 200 1,132,300 Fatigue oracks
JRatio 225
6 900 150 180 1,015,600 Fatigue oracks
3 K1C-3D 4000 333 800 2,300
8 775 129 155 2,386,500 Fatigue oracks
1 3000 250 600 13,700
11 650 108 130 > 10,003,100 " "
12 3000 250 667 18,200
Reload 1200 200 240 376,700 " " :
2 2500 208 500 105,100
Ratio ,60]| 14 2400 200 533 92,800
3 31C-9 D| 3000 500 600 4,400 Five pulled but- 4 1800 150 360 541,200
tons, 1 shear
4 2000 333 400 121,000 Five pulled but- 13 1800 150 400 349,500
tons : :
7 1280 208 250 1,170, 700 Fatigue craoks 6 1400 117 280 1,393,800
12 1000 166 200 >10,807,800 Did not fail 7 1250 104 250 3,224,800
Roload 1800 300 360 108,700 Pulied buttons |{Ratio ,80
10 950 158 190 >10,141,500 Did not fail 3 K1¢~-8D 1800 150 360 1,745,900
Reload | 2600 416 500 11,000 Pulled buttons 9 1400 117 280 ]>36.001.¢°0

sSpecimens 3 X1C-D: Spot spacing within each row $/4%,

Distance betwsen rows 1/2%,
Spots of alternate rows in line (of load);
overlsp 1 1/2%,

"ON WMV YOVN

TOd¥

[ ]
)




i

TABLE 27, FATIGUE TEST RESULTS FOR LAP JOINT SFECIMENS TABLE 28, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS

T04¥ ‘O WUV VOVK

WITH TWG ROWS OF SPOT WELDS WITH TW0 ROWS OF SPoT WEILDS i
(Group 3 K1C-F 0,040 Sheet)= (Group 3 L1C-D 0,040* Sheet)#
[Speoiun I Maximum Load Cycles to Speoimen Lr Maximum Load Cycles
No. otal Lbs.[Lbs./Spot|Lbs./Inol Failure No. otal LbsJLbs./Spot|Lba./inol to Pailure
Ratio .26 atio ,25
5 L1C-2D 4000 333 800 3,500
3 K1C-9F| 5000 217 1000 6,500
5 3400 283 680 7,700
8 4000 222 800 21,600
1 2400 200 480 83,300
i 3000 167 800 72,500
3 1760 146 350 331,000
2 1800 100 360 476,100
6 1300 108 260 913,000
3 1800 100 360 568,000
8 1000 83 200 >11,582,200
-] 1500 83 300 6,614,500
6 1000 66 200 [>»10,786,400 atio .60
3 L1C-8D 4500 375 800 34,600
atio .60
4 3400 283 680 126,800
3 K1C-13F | 6000 333 1200 11,500
7 2000 167 400 1,072,400
1 4500 260 900 95,000
10 1750 146 350 >10,269,100
T 3000 187 600 774,900
Reload 2500 208 600 723,100
10 1800 100 360 1,707,800
12 1400 78 280 p12,210,100 ;
sSpecimena 3 L1C-D: Spot spacing within each row S/4".
Reload | 3000 167 600 1,001,700 Distance betwsen rows 1/2%, .
Spots of alternate rows staggered,
Gverlap 1 1/2%,

#Specimens 3 KIC~-F: Spot spacing within each row ¥,
Distance between rows %".
Spots of alternate rows in line (of load);
overlap 1%".

2e




TABLE 29. PATIGUB TBST RESULTS FOR LAP JOINT SPECIMENS TABLE 30, FATIGUE TEST RESULTS FOR LAP JOINT SPECIIEIS

WITH THREE ROWS OF SPOT VELDS STAGOERED WITH THREE ROWS OF SPOT WILDS
(Group 3 M1C-D 0,040" Sheet)s (Group 3 M1C-F 0,040" Sheet)*
Maximm Load Cycles Specimen L_ Maximum Load Cycles
Yo, 8.]Lbs./Spot|Lbs./inch to Failure Remarks Nc. otal Lbs,|Lbs,./Spot| Lba./inol] to Failure
Ratio .25 [Ratio ,25 :
3 M1C-2D 6000 333 1200 2,700 3 M1C-16F 8000 276 1800 2,900
13} 6000 278 1000 13,450 3 7000 241 1400 12,000
10| 4400 244 880 62,700 | Result uneertuid 1 8000 207 1200 18,600 /
Load varied dur-
ing test. 2 4200 145 840 60,600
121 3800 21l 760 7,800 )
4 2800 97 560 362, 600 .
1] 3000 167 600 133,100 ;
6 2400 83 480 811,000 ‘
6] 2400 133 486 180,100
-] 2000 69 400 1,476,100
3} 1700 94 340 1,146,700
10 1600 56 320 | > 9,468,500
5| 1400 8 280 P»10,694,500
{Ratio .60
Reload| 2200 122 440 363,300
S M1C-15F 9400 324 1880 7,800
Ratio .60
= 9 8000 275 1600 32,700
11| 8000 444 1800 1,000
8 6000 207 1200 134,000
8| 6000 333 1200 27,500
14 4700 161 940 212,500
7| 4000 222 800 175,200
7 3800 131 760 1,965,800 .
4| 3000 167 600 623,000
13 3000 103 600 [>12,626,600
9| 1800 100 360 4,301,700
Reload 3800 131 760 857,000
#Specimens 3 MIC-D: Spot spacing within each row 3/4", B
Distance between rows 1/2", sSpecimens 3 MIC-F: Spot spacing within each row 1/2%,
Spots of mlternete rows : a738x0f. Distance between rows 1/2"
Ovorlep 27, Spots of alternate rows staggered.

Overlap 2",

TOdY °OH WUV YOVH
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TABLE 31.

FATIGUE TEST RESULTS FOR LAP JCINT SPECIMENS

WITH THREE ROWS OF SPOT WELDS

(Group 3 M2C-F 0,040" Sheet)»

TABLE 32.

FATIGUE TEST RESULTS FOR LAP JOINT SPECINENS
WELDS

WITH THREE ROWS OF SPOT

(Group 3 M3C-F 0,040 Sheet)*

l;ecimn Maximum Load Cyocles Specimen Maximum Load Cycles
No. Total Lbs. Lbs,/Spot|Lbs./Inch to Failure Yo. Totel Lbs.]Lbs./Spot]Lbs,./Inch} to Failure Remarks
stio .25 [Batio .25
3 M2C- 6F 6000 207 1200 5,800 3 M3C-4F 7000 241 1400 11,800
2 3800 131 760 75,900 1 5500 180 1109 23,700
i 2400 184 480 396,200 2 3800 13 760 101,500
3 1800 52 360 856,000 3 2600 20 520 320,800
4 1400 48 280 b 11,360,300 8 2000 69 400 2,716,900
Reload 3200 110 640 100,300 10 1700 60 340 L 10,344,600
Ratio .60 Reload 3800 131 760 118,400
3 M2C-10F 7600 258 1500 12,100 Ratio .60
7 6000 207 1200 27,400 3 M3C-6F 6000 207 1200 96,800
5 4000 138 800 218,600 6 3800 131 760 700, 700
9 3000 104 600 1,134,100 7 2800 97 560 1,667,000 | Result uneertain,
. Load varied dur-
ing run,
9 2400 83 480 p»11,161,700
sSpeoimens 3 M2C-F  Spot spacing within each row 1/2",
Distance between rows 1/2", Reload 3800 131 760 750,800
Spots of alternate rows staggersd.
Overlap 2%,

Postwaged after welding (heat treated 10
hrs. at 370°F.)

sSpecimens 3 M3C-F1

Spot spacing within each row 1/%,
Distance between rows 1/2",

Spots of alternate rows wstaggered,
Overlap 2%,

Post-aged before welding (heat treated
10 hours at 3¥0°F.)

*ON WUV YOVH
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TABLE 33.

(Group UlF=F Boeing Joint in 0,016™ Sheet)*

FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS
WITH BOEING TYPE SPOT WELD PATTERN

TARLE 34, FATIGUE TEST RESULTS JOR LAP JOINY

SPECIMENS 0.0LO INCH BORING TYPE JOIN?

(Group § ULC-F - 0.040 Inch Sheet) "

ISpecimon L Maximum Load Cyoles
No. otal Lbs. 1.bs./§§pt_ Lbs,/Inch| to Failure
atio .25

UIF 11 F 3000 75 600 10,600

2 2000 50 400 40,900

1 1580 39 318 87,600

17 1400 35 280 109,200

3 1250 31 250 114,400

4 1000 25 200 207,200

5 750 19 150 485,200

6 500 12 45 100 1,021,100

7 360 9 72 2,204,400

12 260 645 52 >10,044,700

Reload 3000 75.0 600 100

Ratio .60

14 3000 75 608 34,200

13 2000 50 400 141,700

18 1400 35 280 436,800

19 1000 25 200 1,067,000

20 720 18 144 1,528,500

s#Specimens UlP-F:

Spot spacing within each row 1/2",
No. of rows of spots - 4,

Distance between inner rows3 /4",
Distance between outer rows 1 1/8Y,

Overlap 1 1%,

Maxisum Load
otal Cycles to
Bpecinen Yo. Ibs. | Lbs./Veld | Lbs./In. Fallure
Batto .25
5 U1C-11F 7500 178 1500 4,400
9 6000 143 1200 12,000
1 4200 100 840 38,600
2 3000 70 600 137,100
Y 1750 350 1.283.300
10 1500 35 300 3,141,100
6 1250 29 250 |>13,591,000
Reload 4000 93 800 39,900
5 U1C-12F 7500 183 1500 23,500
8 5700 129 1140 78,300
2 3000 70 600 137,100
7 2200 53 140 2,863,500
13 1850 L2 370  [> 34,000,000
[ ]

7/8"‘ between center rows
1-3/4" between cuter rows
2" overlsp

Specimens 5 U1C-F ~ U4 rows of roll velds 1/2" spaced

TOdY °ON HUV YOVH
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TABLE 35.

FATIGUE TEST RESULTS JOR LAP JOINT SPECIMENS
WITH ONE ROW OF SPOT WELDS

{Group 3 BIE-D - 0.064" Sheet) *

TABLE 36, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS

WITH THREE ROWS OF SPOT WELDS (0.064" SHEE?T)

*ON HHY VOVH

TodY

Maximum Load Maximum Load '
Total Cycles to Total Cycles to
{Specimen Fo. Lbs. | Lbe./Spot | Lve./In. Failure Specimen No. Lbs. | Lbs./Spot | Lbs./In. Failure’
[Batio .25 [Ratio .25 As received (Group 3 N13-D) (1)
3 B1T-14D 4000 667 800 5,500 3 K1E-1D 6000 333 1200 43,000
1 3000 500 600 35,300 2 4000 222 300 127,500
12 2400 Loo Lgo 116,700 3 2600 1k 520 586, 800
3 1750 291 350 639,500 5 1500 83 Jo0 2,544,000
L 1300 217 260 1,297,100 7 900 50 180 |>11,879,600
5 1100 183 220 1,573,600
6 850 b2 170 > 10,000,000 [Ratic ,60
Reload | 2400 Loo 120 136,500 3 F1E-9D 7000 388 1400 335,200
N 5000 278 1000 557,300
tio .60 6 2800 156 560 ki, 324,600
3 B1E-10D 5200 867 1040 1,700
8 L4000 667 800 78,500 Post—e.ge(l(a) after welding (Group 3 ¥2E-D)(1)
7 2000 333 Loo 1,262,100 3 §Z¥-1D 6000 333 1200 29,100
11 1500 250 300 3,700,000 2 4000 222 800 87,700
13 1200 200 240 > 20,433,400 3 2koo 133 - 4go 499, 800
5 1600 89 320 1,301,600
7 1250 63 250 2,Llsg 200
Spot welds 3/4" spaced Batio ,60
1% overlap
3 H2B-4D 5000 278 1000 385,300
6 3500 194 700 907,900
tio .2 Sheet post-qod(e) before welding (Group 3 ¥3D-D (1)
3 ¥32-3D 7500 ny 1500 24,300
1 3800 211 160 168,200
s 2400 133 480 421,100
2 1500 83 300 4,690,200
L 950 52 190 > 1,925,000
Reload 1900 105 380 527,600
S E——

(1) Specimens 3 MZX-D, 3 ¥2B-D, and 3 W3B-D:
3 rows of spot welds staggered
3/4" between rovs
3/4" spacing vithin the rows

(2) Heat treated 10 hours at 370°F.
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TABLE 38, SPECIFICATIONS FOR RIVETED LAP JOINT SPECIMENS

Tody °*ON WYY YOVK

Joint efficiency here means the ratio of the fatigus strength of

& gross width of joint to the fatigue strength of the same width of

sheet at the same lifetime under the same load ratio.

6, Riveting peitormed with a Chicego Ponwamatic Squeszer,

TAHLE 37, JOIN? EFTICIENCY VALURS FOR SPOT-WELDED PATTEENS
Rivet Distance (2)
Yarious Lifetimes for R = 0.25 Specimen Width No. Total No. | Spacing | Overlap |Betwsen Ro
Statie 10% b x 10 105 b x 109 DOG l L x 10°| Postenation (Inches) | Rows | Rivets (Inohes) | (Inohes)| (Inches)
0.040" 24S-T Alclad lap joints P1C~D}
41 1 6 3/4 3/4
5 H0D % 15 15 i 17 7 75 |(1)Fec-D) /2 / /
3 x16-D 52 23 22.5 2y 28 28 2k P1C-F 5 1 10 12 3k
3 110-D 50 27 22.5 23 25 22 25
3 ML.C~D 61 4 33 3 32 3 31 QlC-D 41/ 2 i2 3/4 7/16 3/4 L
3 K1C-P 68 35 29 26 26 31 23 RI1C=-D 4 15/16 2 13 3/4 15/16_ 3/16 S
3 mc-7 17 55 %1 37 39 38 15 31c-D 415/16) 2 13 3/4 115 3/8 8
3 M2C-F 68 -— 37 39 37.5 37 32 P1C-D 4 15/16| 2 13 3/4 15/6 1116 §
3 M3C-F €0 5% n 31 39 38 35 ___L_ '
5 ULC-F 72 b6 32 30 3 29 29 S S
0.064% 245-T Alclad lap joint glg P2C~D specimens were post-aged after riveting.
2) 8 denotes rivets in adjacent rows steggered, L rivets in line,
3 BlE-D 31 17 15 17 17 16 1
3 N1E-D 66 - 31 30 26 22 i Riveting Progedure
3 N2E-D 5 - 29 25 23 19 13 1. All material 0,040" Alclad 24S-T.
3 §3E-D g0 -~ 33 30 26 22 1 2. Rivets AN426AD~5, 100° countersunk, 5/32 D.
Rivet material Al78-T spcification An~FF-R551.
0,016* 2is~T Alclad with Boeing type Joints 3. Both sheets drilled with hand motor using #21 (0.,159") drill,
nr-r 68 57 Lp ko oL 17 11 Holes burred with countersunk type burring tool.
4. Surface skin dimplsd 100° on one shot rivet gun {Chicago Pnevwmatic)
S. Sub-dimpled other skin 110° on same equipment,

L8




¥ACA ARR No. 4F01
TABLE 39, BSTATIC TEST RESULTS FOR RIVETED LAP JOINT SPECIMENS -
Specimen l Static Ultimate Velues 1) Static Jointz)

Designation [Total lba, | Lbs,/Rivet | Lb -.71n'oh'( Eff, (%)
PIC~D 4160 693 026 35
P2C-D 5130 856 1140 41

.|.Prc-F. | e840 . _.694_ 1386 62 .
Q1c-D 8700 725 1935 76
R1C-D 8750 676 1762 67
8lc-p 9100 700 1820 €9
T1C-D 9290 716 1868 70

(1) Note, in Table 1, that specimens of different groups differ
oconsiderably in widthe

(2) Joint efficiencies are basel on gross width of the jointed test
pieces end on 66,700 p.s.i. static ultimate for as received
sheet and 69,000 static ultimate fer post aged sheet,

TABLE 40. TFATIGUE TEST RESULTS POR LAP JOINT SPECIMENS
WITE ONE ROW OF FTLUSH RIVITS
(Group P1C-D) (1) 4s received
| {aximm Losd
otal Cycles to
cimen No, Lbs. | Lbs./Rivet | Lbe./In. Failure
tio .
P1C-25D 3800 633 864 17,500
22 3600 600 823 22,600
10 3000 500 668 55,000
15 2550 25 570 93,300
2 2350 L25 566 75.
1 2400 400 534 101,600
1t 2400 400 538 131,k400
16 2100 350 466 175,900
a 2100 350 L66 180,200
1800 300 Loo 305, 600
5 1560 260 347 572,000
6 1350 225 300 937,800
7 11 190 25u 1,288, 800
8 960 160 213 1,677,900
9 810 135 180 > 8,438,000
Ratlo 50
P1C-20D 3900 650 873 57,600
11 3000 500 668 228,500
17 2400 Loo 526 423, 800
18 1800 300 406 704, 300
19 1lho 240 322 2,406,300
P1C~26D 3800 633 858 186,600
27 2800 ue7 626 318, 800
28 2000 333 4ug 927,300
30 1700 283 390 1,773,900
29 1600 267 360 1,680,900
o 31 1500 250 337 32730,000
0
D 3900 650 880 747,300
24 3300 550 45 1,828,900
21 3000 500 678 8,008,200
(Group P2C-D) (1) Post-aged (2)
rzcgsn 4500 750 1010 5,700
L6 3380 565 762 29,700
i l& 2400 Loo 53k 96, 700
1680 280 374 261, 300
Ls 1200 200 267 ‘778,800
L7 900 150 205 1,264 ,Lk00
= Lg 750 125 150 3,436,800

(1) Specimens P1G-D, P2C«D; 4-1/2" wide, single row of
rivets 3/u" apart, 3/4" overlan.
(2) Heat treated 10 hours at 370°F.
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TABLE 41, FATIGUE TEST HBSULTS FOR LAP JOINT
SPECIMENS WITH ONE ROW OF FLUSH RIVETS

{6roup F10-T) * TABLE 42, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO ROWS
OF FLUSH RIVETS. (GROUP Q1C-D)# '
l Maximum Load
otal Cycles to Maximum Losd Cyoles to
pecimen No, Lbs. [Lbs./Rivet | Lds./In. Failure pecimen No,  [Total Lbs, | Lbs,/Rivet | Lbs./in, Failure
t10 2 Ratio 425
PlO—lEI 6000 600 1220 10,500 Q1C 9D 7500 576 1550 10,100
8 5200 510 1030 15,100 6 6000 500 1340 18,700
7 u500 Ls0 914 23,800 4 4800 400 1080 37,800
3 3600 360 730 37,800 1 3600 300 810 89,000
1 3000 300 608 101,200 2 2640 220 590 298,800
2 2500 250 506 140,900 3 1920 160 427 1,665,000
4 2000 200 Los 923, 800 5 1680 140 375 3,473,600
5 1750 175 35k 8,650,400
6 ., 1700 170 34l 9,381, 300 tio .50
11 4200 350 940 142,200
tio .50 14 3000 250 670 1,733,700
1C-10F 5000 500 1010 50, 700
11 3500 350 700 188,900 Ratio ,60 .
18 2350 235 480 527,300 10 8000 666 1830 31,500
16 2250 225 L50 L67,200 15 6000 500 1343 89,700
8 3800 292 840 453,600
tio 60 _ 7 3000 250 678 734,300
P1C-23F 6000 600 1212 49,000 16 2500 192 659 > 9,872,000
20 3800 380 172 253,200 Reload 3500 291 760 1,371,600
21 2600 260 520 615.900
22 2300 230 467 £34,600 —
2y 2000 200 Lo2 1,099,500 ~
25 1800 180 370 L,377,000 * Specimens QIC-D. 4 1/2" wide. Two rows of rivets 3/4" apacing
within each row, Distance between rows %4".
Rivets of the two rows in line. Overlap 7/16".
P1C-17T7 5500 550 1100 266,900
15 4200 420 8u6 539, 600
o —

Specimens P1C-F: 5" wide, single row of rivete 1/2" apart,
3/4* overlap

*ON HHY YOVN

T04¥
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NACA ARR No. 4FO01

TABLE 43. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO ROWS
OF FLUSH RIVETS (GROUP R1C~D)#*

jmum Load Cyales to

Specimen No. otal Lba, | Loa/Rivet Lbc.?in. Failure
Batldo 25

RIC 7D 7600 577 1600 5,100

6 5500 422 1100 12,700

1 4000 308 800 37,000

2 2800 216 560 93,200

3 2000 154 400 436,200

4 1600 123 320 2,223,300

5 1380 104 270 3,941,800

8 1200 92 243 > 33,018,200

Reload 3000 231 o8 97,800
Ratio ,60

16 8000 615 1600 32,800

11 6000 461 1200 70,600

10 4200 323 709 181,000

9 3000 231 608 1,292,700

16 2832 218 566 2,268,400

14 2700 208 544 8,242,300

* Specimens R1C-D. 4 15/16" wide, Two rows of rivets, 3/4"
spaoing within eanh row, Distance batween
rows 3/16%, Rivete staggered Overlap 15/16%.

TABLE 44, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO
ROWS OF FLUSH RIVETS (GROUP 81C-D)+«

Maximum Load Cycles to

Specimen No. [Totel Lba. | Lbs./Rivet | Lba,/in, Failure
fo o2

81C 14D 8400 646 1700 4,300

6 6800 622 1360 12,100

1 6000 461 1200 17,900

2 4000 308 810 60,000

3 3000 230 605 179,800

4 2200 170 446 695,000

7 1860 142 369 2,618,900

6 1700 131 342 > 10,060,400
Ratio .60

- 15 8400 646 1700 25,800

8 6800 622 1360 61,400

10 5200 400 1040 156,000

9 4000 308 800 302,000

1 3000 230 600 4,116,400

19 3000 230 600 8,161,700

* Specimens 81C-D. 4 15/16" wide. Two rows of rivets, 3/4"
spacing within each row. Distance between
each row 3/8%, Rivets ataggered. Overlap
1 1/8%,



NACA ARR No. 4F01

TABLE 45, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO
ROWS OF FLUSH RIVETS (GROUP T1C~D)=

Maximum lLoad Cyocles to
Speoimen No.  [Total Lba. | Lbs./Rivet | Lbs,/in. Failure
Ratio o286
T1C 5D 8000 616 1600 10,500
1 6000 461 1200 26,000
2 4400 338 894 88,000
3 2800 215 560 317,500 _
4 2200 169 228 1,533,800
6 2000 154 414 5,565,800
io .60
11 8500 654 1700 37,000
9 5400 415 1080 190,900
7 3800 292 760 1,889,200
10 3300 254 670 2,511,900
8 3000 230 608 7,600,000

* Specimens T1C-D, 4 15/16' wide., Two rows of rivets, 3/4'
spacing within each row., Distance between
each row 11/1.6". Rivets staggered. Overlap

1 s/16",

TABLE 46. JOINT EFFICIENCIES FOR RIVETED TEST PIECES

Joint Efficiency in Per Cent (2)
Specimen (1) 104 (4 x10% 10° |4 x10°] 106 |4 x10°
Designation |Statlc [Cycles | Cycles [Cycles| Cycles [Cycles | Cycles
P1C-D 35 36 30 26 26 24 20
P2C-D 38 36 29 28 27 21 14
PiC-F 52 46 31 29 31
QlC-D 73 60 4] 39 39 40 42
R1C-D 66 47 31 29 28 28 27
81c-D 68 53 38 3e 36 35 37
T1C-D 70 62 41 39 89 40 42
W

(1) For meaning of specimen designation, ses Table 38.
(2) Defined as ratio of strength per inch of joint
to strength at same lifetime of an inch width of
monoblock sheet.
All fatigue Joint efficiency values guoted above
are for & load ratio R = 0.26.




NACA ARR No. 4F01 o Fig. 1

0.032" ~ 0.040"

e %&ﬁwm-
> g As received

e o | {a)

(a)

0.032" ~ 0.040"

(b)) Fatigue break
Keller's etch 10X
(b) 29159

) 0.040" - 0.051"

(e As received

Keller's etch . 10X
(o) 29160
. Sk : T 5

bt ST e : 0.040" - 0.051"

v oo 7; td) Fatigue break

Keller's etch 10X
: : (d) : - 291861

Figure 1.~ Spot welds in dissimilar
gauge sheet - Company B welds.



NACA ARR No. 4FO01 : Fig. 2

0.032" - 0.040"
Fatigue break

(a)

0.032" - 0.0561"
As received

e | Geaesmatemmma 0.032" - 0.025"
' _ : , ST (c) As received
. . . e . ee H o
Keller's etch 10X
29163
{(b-c)
N ' 0.032" - 0.025"

“ e e e e 1) Fatigue break

Keller's etch 10¥

0.032" - 0.025"

(e) Fatigue break
0.032" - 0.051"

(f} Fatigue break

Keller's etch 10X

: 29164
(e-f)

Figure 2.- Spot welds in dissimilar gauge

sheet - Company C welds.



MAXIMUM LOAD IN POUNDS

NACA ARR Xo. 4r01 Figs. 3.4
4000 |- 4050 STATIC (0.040-0.051)
-+—3690 STATIG (0.040-0.040)
p—e— — . o
s000[ " 3!74 STATIC(0.032-0.040) __ P e
S —— .
oul \
2000 . L<_ ]
R= 0.25 ~
. S
~
N\
1500 ~. ~
\ ~
x -
R= _MIN. LOAD ' ™
MAX. LOAD
1000
900
800
700
600 <L X
~<
500 :
1ot 10° 04 10° 10® 10’

MAXIMUM LOAD IN POUNDS

CYCLES TO FAILURE

FIG. 3 —FATIGUE CURVES FOR SPOT-WELDED SHEETS OF DIFFERENT GAGES. (ALL SPECIMENS
5" WIDE, WITH 6 SPOT -WELDS, —2~ BETWEEN CENTERS, ON SCIAKY MACHINE.)

e 3120 STATIC (0.040-0.040)
3000L, 2905 STATIC 0032-0.051)

L-— 2630 STATIC {0.032-0.040)

- 2270 STATIC (0.032-0032)
2000 | g

1875 STATIC (0.025-002)
0040-0.040 ~
1800 0.032-0.081 \\
0032-0.040 N
0032-0.032~~4 i A
S0 ‘\
1000 0.025-0032 3y < > \\\
-~
200 <
000 R \X RN
700 MIN. LOAD \A\\ \\ o
L ~ .
N\
N
500 N -
\
4000— Ay \
&
U0
102 W 0% 10° 108 4

CYCLES TO FAILURE
FIG.4 - FATIGUE CURVES FOR SPOT ~WELDFD SHEETS OF DIFFERENT GAGES (ALL SPECIMENS

5" WIDE, WITH 6 SPOT WELDS, § BETWEEN GENTERS, ON TAYLOR-WINFIELD MACHINE)



NACA ARR No. 4F01 Fige. 5,6
80000E 77,700 STATIC  75S-T
70,000 66,:?“(3 YIELD 755-T 3a5-T
. ¥ 66,400 STATIC 245-T. - 45~
60,000 R=0.25 {\X O —'NO%\X\O
| 0 75 s SR < ®:060
g’_: X \\\) o\_
8 40,000 ""-4',450 YIELD 24S-T x\ ]
& X
o R = MAX LOAD X —— e
= 30000 . O\?‘
——
= o)
> B
3
20,000
102 10° 10* 10° 108 w7’
CYCLES TO FAILURE
FIG. 5- FATIGUE CURVES FOR MONOBLOCK SPECIMENS OF ALCLAD SHEET {24S-T AND
755-T ). (SPECIMENS 1.000" X 0.040" AT CENTER SECTION.)
3000
2870 STATIC 75 S-T
+-2650 STATIC 24S-T
l R=0.60 {*o \
=0.25
ZO(X)H» R=0 {\ X\
\ \X
8
z - MIN. LOAD
o MAX. LOAD 24 §-T =
z 1000 X\ \
Q °°°L 785-T —" \_ . = y
g 00 ) L
: ™ \\9;—"—#
% N
500 fe)
e
190\ ot 10® 10 10® 1o 07

FIG. 6~FATIGUE CURVES FOR SPOT-WELDED LAP JOINT SPEGIMENS OF ALCLAD

CYCLES TO FAILURE

AND OF ALCLAD 24 S-T.

758 -T
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Fig, 7

ta) 116 1bs./spot
R = 0.25

(b} 168 lvs./spot
R = 9,25

Keller's etch 10X

29165
248-T Alclad

tc) 116 1lbs./spot

R = 0.25
S A ! {(d} 116 lbs./spot
R R R
_ééﬁ ; R = 0.25

Keller's etch

10X
29166

755-T Alclad

Figure 7.~ Comparison of fatigued spot

welds made in 248-T Alclad and 78S-T
Alclad sheet.
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Figure 8.- Photograph of fatigue test pleces.

Each specimen was 10" long, and 2" wide at the center section,
and nad a 2" overlap. The material was 0.040" Alclad 24S-T.



NACA ARR No.

4¥01

Tigs. 9,14
STATIC VALUES
5000 |~-5180
| 4416 ¢ .
2000}~ 4100 RIVETS ¢ SPOT-WELDS
|-3800 _ )
~
3000 S, ~
\ RIVETS
8
: &
o
a
Z 2000 SPOT~WELDS
=
=2
=
S MIN. LOAD

g R = MaX LOAD 0.25

1000 \

102 10® 0% 10° 10® ol
CYCLES TO FAILURE .
FIG. 9 —SCATTER BANDS FOR SPOT-WELD AND RIVET LAP JOINT SPECIMENS WITH DIFFERENT
SURFACE PREPARATION. ‘
12%0

1000

STATIGC VALUES
F+— 1075 PANEL 9

900

MIN.

BOO

LOAD .
MAX

LoD 0.25

700

[~ 735 PANEL 7

600

500

— 570 PANEL 5

O~

400

N

PANEL 9 —\

~a
PANEL 7 ——a

X
—

=
o
[
(73]
it L« 320 PANEL 2 X
o — N
« 300 \‘
@ PANEL 5 g
Z X \‘ N
a 230 PANEL |
g PANEL 2 \\
- >
200
. S N
>§< PANEL | \ \
100
10® 104 105 108 w07

-
2%

GYCLES TO FAILURE _
FIG. 14 - FATIGUE CURVES FOR SPOT-WELDED LAP JQINTS WITH VARYING WELD SIZE.



NACA ARR No. 4FO1 ' Fig. 10

#1 - 3070 1lbs.
8300 cycles

#2 - 3070 1lbs.
5400 cycles

Keller's etch ‘ 10X
{b) 29678

47 - 920 lbs.
512,100 cycles

#8 - 920 1lbs.
287,500 cycles

Keller's etch 10X
{d) 29680
Figure 10.~- Spot welds from panels cleaned by wire brushing

A.C. welds.



NACA ARR No. 4FOl | Fig. 11

#1 - 3070 1l1bs.
15,300 cycles

#2 - 3070 1lbs.
14,100 cycles

Keller's etch 10X
(b) 29682

#7 ~ 920 lbs.
2,243,800 cycles

Keller's etch 10X

#8 ~ 920 1lbs.
600,000 cycles

Keller's etch 10X
{(d) 29684

Figure 11.~ Spot welds from panels cleaned by wire brushing
D.C. welds.



NACA ARR No. 4F01 Fig. 12

#1 - 3070 1bs. )
19,700 cycles

Keller's etch 10X
(a) 29685

#2 - 3070 -1bs.
3700 cycles

#7 - 920 1lbs.
307,900 cycles

Keller's etch 10X
(c) X 29687

#8 ~ 920 1bs.
412,100 cycles

Keller's etch ' 10X
. - (4) 29688

Figure 12.- Spot welds from panels cleaned by chemical
methods ~ D.C. welds.



NACA ARR No. 4FO01 " Fig. 13

Panel #1, Weld #2
Dark area - weld
Light area - corona

5X (a) 29167

Panel #5, Weld #64
Optimum weld size

5X (b} 29168

Panel #8, Weld #108
Note crack in center

5X (c) © 291€9

Figure 13.- Sheared spot welds showing weld area and surround-
ing corona.



NACA ARR No. 4F01 Fig. 16

Panel #1, Specimen #4
133 lbs./spot.
1,613,900 cycles

Keller's etch _ 10X
: (a) 29170

Panel #1, Specimen #3
174 1lbs./spot
59,000 cycles

Keller's etch 10X
(b) 29171

Panel #2, Specimen #3
250 lbs./spot
2,900 cycles

o e

Keller's etch 10X
(c) 29172

Panel #3, Specimen #2
131 lbs./spot
1,206,200 cycles

Keller's etch . 10X
(d) 29173

Figure 15.- Spot welds in Panels #1, #2, and #3.



NACA ARR No. 4FO01 Fig. 16

Panelr#4, Specimen #1
245 lbs./spot
800 cycles

(a) 29174

Panel #5, Specimen #4
180 lbs./spot
221,500 cycles

Keller's etch 10X *
(b) 29175

. S ! Panel #6, Specimen 42
S

i d g T 184 lbs./spot
& 416,000 cycles

Panel #6, Specimen #¥1
280 lbs./spot
17,200 cycles

Keller's etch . . .10X
(d) - 29177

Figure 16.- Spot welds in Panels #4, #5, and #6.



NACA ARR No. 4FCl Fig. 17

Panel #97, Specimen #1}
368 lbs./spot
13,100 cycles

Keller's etch 10X
{a) 298178

Panel #7, Specimen #4
280 lbs./spot
82,700 cycles,

Keller's etch ‘ 10X
' {b) 29179

Panel #7, Speclimen #3
150 1bs./spot
2,351,800 cycles

Keller's etch 10X
fc) 29180

Figure 17.- Spot welds in Panel #7.



NACA ARR No. 4FO0l Fig. 18

Panel #8, Specimen #2
304 lbs./spot
67,400 cycles

Keller's etch 10X
(a) 29181

Panel #8, Specimen #4
140 lbs./spot
4,075,600 cycles

Keller's etch 10X
(b) 29182

Panel #Q, Specimen #3
240 lbs./spot
247,300 cycles

Keller's etch 10X
(c) 290183

Figure 18.- Spot welds in Panels #8 and #9.



NACA ARR No. 4F01 Fig. 19

(a) 29388
Spot welds in line (Test 3 K1C-D)

(b) 29388
Spot welds staggered (Test 3 L1C-D)

Figure 19.- Lap joint specimens with two rows of spot welds
. Specimens 5" wide, with l—%—" overlap. Spots %;" apart
within rows. Spacing'between rows J;".

2



NACA ARR No. 4F01 _ Fig. 20

{a) 29392

Spot spacing 1/2" within row
(Test 3 M1C-F)

(b) 29392

Spot spacing 3/4" within row
(Test 3 M1C-D)

Figure 20.- Lap joint specimens with three rows of spot
Specimens 5" wide, with 2" overlap. Spacing between
%?". Note spots in adjacent rows staggered.

welds
rows




NACA ARR No. 4F0l1 Fig. 21

1/8" between welds in a row
3/4" between inner rows
3/16" between.outer and

nearest inner row
1-1/2" overlap

{a) 29391
0.016" sheet (Test UlF-F)

Roll welds, rows staggered

1/2" between welds in a row

7/8" between inner rows

7/16" between outer and
nearest inner row

2" overlap

{b) 29391
0.040" sheet (Test 5 UlC-F)

Figure 21.- Lap joint specimens with Boeing type joint.



NACA ARR No. 4FO01 _ Fig. 22

Keller's etch 3K1C-8D 10X
(a) 29668

Keller's etch 3L1C-7D 10X
(b) 29669

Keller's etch 3 M1C-4D 10X
(c) 29670

Keller's etch 3 M1C-6F 10X
(d) 29671

Keller's etch 3 M2C-3F 10X
{e) 29671

Keller's etch 3 M3C-3F 10X
{(f) 29672

Figure 22.- Representative welds from spot pattefn specimens
(0.040")



NACA ARR No. 4FO0l- Fig. 23

Keller's etch 3 N1E-2D 10X
{a) 29673

Keller's etch 2 N2E-3D 10X
(b) 29674

Keller's etch 3 B1E-12D 10X

(d) 29676
Figure 23.- Representative welds from spot pattern specimens

(0.064")



NACA ARR No. 4F01 Fig. 24

Keller's etch (a) 10X
29665
0.016" -~ Fatigued~sectloned parallel to direction of testing

Keller's etch {(b) 10X
286€6
0.016" - As received-parallel to direction of testing

.Keller's etch (c) 10X

296€6€
0.016" - As received-normal to testing

Keller's. etch (d) 10X
29667
0.040" - Roller weld-parallel to direction of rolling

Keller's etch (e) 10X
29667
0.040" - Roller weld-normal to direction of rolling

Figure 24.- Spot welds from Boeing joint specimens.



MAXIMUM STRESS IN P.S.1.

MAXIMUM STRESS BS.).

NACA ARR No. 4F01 Tigs. 25,26
A ALUES'
80,000 STATIC VALUES
68,850 ULTIMATE { POST AGED)
70,000 J,ss,450 ULTIMATE {AS RECEIVED) ~__| — 13 N
| — 61,490 YIELD (POSTAGED) \t\,\ N~
60,000 SO NS - X
bual e . . \ .- R= .751\
\ X &
50,000 | — % N 60
" 46,200 YIELD (AS REGEIVED) \ ~ T
% \\ ’
\ N \'X\
40,000 X AS REGEIVED N\« ~
R=.50 ™ X o __
O POSTAGED , X I X—-
e ox —
i
R= _MIN. LOAD R=. X Q.
MAX. LOAD e
20,000
10° 104 105 10® Ty
‘CYGLES TO FAILURE
FIG. 25- FATIGUE CURVES FOR 0.040" ALCLAD 24S-T SHEET (SPECIMENS 1.000" X 0.040" °
AT CENTER SECTION)
T
STATIC VALUES
j]( )
<—73,700 ULTIMATE (POSTAGED a AS REGEIVED
70,000 =£69,900 ULTIMATE (AS REGEIVED) ~ X
60,000 | 68,600 YIELD (POSTAGED) \}‘o
' ! POSTAGED 7 O~
< 50,260 YIELD {AS RECEIVED)
50,000 X
40,000 O
\x
30,000 b)%SZ_
X
R=MIN_LOAD _ .,
MAX. LOAD
20,000
103 104 105 108 107

CYCLES TO FAILURE

FIG. 26 — FATIGUE CURVES FOR 0.064" 24 S-T ALCLAD SHEET { SPECIMENS 1.000" X 0.064"
AT CENTER SECTION).



MAXIMUM STRESS RS.I.

NACA ARR No.

4F01

Figs. 37,28

70,000 -
T 166,250 STATIG ULTIMATE .
] N c—— R: 60
60,000 X —C ] .
50,000 —— R=.25
- 45,850 YIELD ' \
40,000 1\
R = MIN. LOAD
30,000 MAX. LOAD
20,000
10t 10° 104 10% 10’
CYCLES TO FAILURE
FIG. 27 - FATIGUE CURVES FOR 0.016" 24 S-T ALGLAD SHEET (SPECIMENS 1.000" AT CENTER
SECTION.)
9000« 8970 STATIG (A)
TO00}-+- 6930 STATIC (X)
«000 :\_eena STATIC (0)
3000 \.-.\ Re %-o 28
400 S804 STATIG () x_ﬁ \
[
3000 a \ A
NI
g N
z . .
Q
g \\\h\
= 1300 A—
- SPOT \h a
-1 SYMBOL TEST  SPAGING NO. DISTANCE |
: A -
.x : 0D 3BIC-D -i- 1 — { Te—_
wol— X we-p ¥ 2 4 mume
ob— o0 3c-o & 2 4 sTAGeERED
P %
M= a mec-r § 2 4 "
1 |
10® 104 0% 10 107

GYGLES TO FAILURE

FIG. 28-FATIGUE CURVES FOR LAP JOINTS 0.040"-0040" WITH ONE AND TWO ROWS OF

SPOT-WELDS.



MAXIMUM LOAD IN POUNDS

NAOlA ARR Ro. 4FQl1

12,500

Figs. 29,30

L+11;050 STATIC (0)
—10,250 STATIG (4)

10,000
9000 | 9,360 STATIC (X)
| T\~8,860 STATIC (D00}
8000 - -~
A0 . MIN.LOAD _
T000 R “MAX LOAD 0.25.
6000 U‘EXYL— N
~ ~\ 0\
5000 N
. TN
4000 x
POTS _
?ﬁA AL } O 3MIC-D, AS REGEIVED \%\
I A 3MIC-F, AS RECEIVED
3000 _SPOTS 1 ® N
+ APART % 3M2C-F POST AGED AFTER WELDING N
a
IN EACH ROW .] O 3M3C-F, POST AGED BEFORE WELDING \{\A
N \
&4\ O
\ —p
S0 T~ ‘Dx-o—
U
1000 10° 0* 10 T o’
GYCLES TO FAILURE
FiG. 29- FATIGUE CURVES FOR LAP JOINTS WITH 3 ROWS OF SPOT-WELDS.
4000
3630 STATIC
3000 —_—— “\\,\
o N\
\
X
g R:MN.LOAD R-azﬁA R =060
= 1000 pb————m————— — Ix
e | N
z N\ N\
g 100 \( X \-‘
z \ \
X Y
% N
% w0 N
400 T
\x\
\x
..
200
10® o* .4 10* 04

GYCLES TO FAILURE

FIG. 30— FATIGUE CURVES FOR LAP JOINT SPEGIMENS OF 00I6" ALGLAD 24S-T WITH
BOEING TYPE SPOT WELD PATTERN.



MAXIMUM LOAD IN POUNDS

NACA ARR No. 4F0l

Figs. 31,33

CYCLES TO FAILURE
FIG. 31 - FATIGUE CURVES FOR LAP JOINT 0.040" SPECIMENS WITH BOEING TYPE SPOT-WELD

10,000
[~ 9,700 STATIC
3,000
8,000 - ~
7,000 \X\\ ™
-~ 6,000 N X\ -
5,000 \ X
4,000 .
R=0.25 —\ k R=0.60
3,000 \X X
r= MIN._LOAD N
MAX. LOAD
I
2,000 \ -
\x\
1,500 X\
X
)
10? I® 10* 10® 10* o

PATTERN.
20,000 8,240 STATIC (8)
17500 % 11,170 STATIC (x)
18,000k 14,750 STATIC (0)
MIN. LOAD
12,500 R* W tonn " 0%
10,000
9,000
8,000
7000 gt 6970 STATIC (D) &
AN
[ X0
000 \\
3,000
g N
a 4000 }\ =\
: x A
o
g s
000 L2 \
= NO. SPOT  DISTANGE \
3 SYMBOL TEST  pows sPacING BETWEEN \\Q
% o 3ee-0 1§ o \ ;\
x o . 2\
3,000 ° 3NE-p 3 F . ¥, \ \\
3N2E+D 3 3 'y N
X POSTAGED AFTER WELDING™ N\
1800——a  3N3E-D 3 e
POSTAGED BEFORE WELDING \ \
: X
N
w? 10? w0* 10* 10* : n‘n*‘

CYCLES TO FAILURE

FIG. 32~ FATIGUE CURVES FOR LAP JOINT SPECIMENS OF 0.064" SHEET WITH ONE AND
WITH TWO ROWS OF SPOT—WELDS.




JOINT EFFIGIENCY IN PER CENT

MAXIMUM LOAD

NACA ARR No. 4FOl1

Figs. 33,37

T : . H
SHEET  NO.ROWS
.0 i SPECIMEN OAGE SPOTS
3BIC-D 0.040 |
72 STATIC 5UIC ~F 3LIC-D 0.040 2
70 3NIE-D 0.064 3
3 MIG-D 0.040 3
66 STATIC 3NIE-D 5UIG-F 0.040 - 4 (BOEING, ROLL WELDS)
s |
. MIN. LOAD , /
-\ R* Max toap = 025
3 -
5o} 50 STATIG 3LIC -D M"c_ F -
w 5uuc-r& ~
|31 STATIC 3BIE-D INIE-D — O _
30 ke 29 STATIC 3BIG-D 3LIC-D TN
'\}‘ =~ S~ — .
S
20 — —~—
3BIE-D, 3BIG-Dy ~ o
10
104 10% 10® 10’
CYCLES TO FAILURE
FIG. 33— JOINT EFFICIENCY CURVES FOR SPOT-WELDED LAP JOINT SPECIMENS.
T T
1140 STATIC (POSTAGED) Rs .25
1000 | 4
T \
&7 900|925 STATIC (AS RECEIVED) '
800
LI N
700 R=s.75 X\ x
600
575 800 \q
R= ,60
400 (
« MIN.LOAD O~
200 R* NAXLoAD 4
‘o\ )
\ ©
150 200 A\‘\\€
; ?
¢ & e
5 8
3 B
ot o* ot o 10* WJ

CYCLES TO FAILURE

FIG. 37- FATIGUE. CURVES FOR LAP JOINT SPECIMENS WITH ONE ROW OF RIVETS. GROUP PIC-D:
RIVETS SPACED -3- APART GROUP P2C-D: SAME BUT SHEET POSTAGED. '




NACA ARR No. 4F01 Fig. 34

(a) 29389
Specimen P1C-D - 4-1/2"
wide - 3/4" rivet spacing

{b) 29389
Specimen P1C-F - 5" wide -
1/2" rivet spacing

Figure 34.- Lap joint specimens with one row of flush rivets.



NACA ARR No. 4F01 : Fig. 35

(a) 29390

Rivets in line (Q1C-D)

(b) 29390

Rivets staggered (T1C-D)

Figure 35.- Lap Jjoint specimens with two rows of flush rivets
' spaced, f%"'between rows.

.pkn




NACA ARR No. 4FO0O1l

Fig.

(a) 29391

Voo e oW oy oD 816D
e . 3/8" between rows

R1C~-D
1/4% between rows

(c) 29386

Figure 36.- Lap joint specimens with two rows of flush

rivets staggered, é%" rivet spacing within rows.

i;.

36




NACA ARR No. 4FO1 Figs. 38,39

o 1500 | l |

1385 STATIC (PIC-F) Re0.25 R0.60
. . . \ o
300 1000 —r) A\ \\
-+ 925 STATIC (PIC-D A T
: - \‘\X N ‘ o
N\ NS
30 700 TR A
" xk \\
b \
280 8O0 fp————— L 'I'Pﬁ'% \‘\ A S -

8
/
A
/7
/0

N\ S 2
E NN b
-] SOLID CURVES WITH POINTS : PIC-F . . ~
s ' 309 DOTTED CURVES: PIC-0 ﬁ* <
2
3 N
3 N
\ -
g 200 ~<T
b
E z
E «
2 ¥
3
: 8
2
10t 10% 104 108 108 107
CYGLES TO FAILURE
FIG. 38-FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE ROW OF RIVETS GROUP PIC-F
RIVETS £ APART. GROUP PIC-D: RIVETS & APART.
2000 L, 1935 01G-D
L 1858 TIG-D
X
Na
1000 \
00+ 925 PIC-D \
~a >
800 AN
o0 N,
N
300 N N

O PIC-0 ONEROW OF RIVETS \\A.
X  QIG-D TWO ROWS OF RIVETS IN LINE
" RED

MAXIMUM LOAD IN POUNDS PER INCH
&
8

a TIC-D " " " STAGGE
300 \D
o
MIN. LOAD
o0 f———— ®* utono— " 028
j—.—
10t 0% 104 108 108 4

CYCLES TO FAILURE

FIG. 39 - FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE AND WITH TWO ROWS OF
RIVETS.



JOINT EFFICIENCY IN PER CENT

¥ACA ARR No. 4F0l Tigs. 40,41
R20.25
o
FITee STATIC (I NG-0 | ~dn [°Q \
1800 & SO
i BT \\ \\ﬂb’? <
28 : )Q N
xS W \ T . )
w EF o N x
Sy G |
" gg j Y ’¥\\ -
x & pETWEEN ROWS (RIG-D) \ ~
o 2§ seETwEEN ROWS (SiC-D)
c §§ BETWEEN ROWS (TIC-D) \ \—‘L
o0 ~ X
3 o CR——
z -
2
T 3 Ly
03 104 08 108 w07
CYGLES TO FAILURE
FIG. 40-FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH TWO ROWS OF FLUSH RIVETS
STAGGERED —EFFECT OF VARYING SPACING BETWEEN ROWS.
ool STATIC VALUES
L—-— 75 STATIC QIC-D
70‘L-—.7o STATIC TIC-D Re %‘% £ 0.25
r‘\\SB STATIC SIC-D
&6 67 STATIC RIC-D
QIG-0, TIC-D
—e— 52 STATIC PIG-F & SIG-0D
50 -
Y
RIC-D—— PIG-F
%! ma o -
STATIC P2CG-D
\35 STATIC PIC-D
30 — RIG-D —
\4'0—0
20 —
~
~ (PZG-D
10

104

10%
CYCLES TO FAILURE

10*

FIG. 41-JOINT EFFICIENCY VALUES FOR RIVETED LAP JOINT SPECIMENS FOR DETAILS OF
SPECIMEN GROUPS SEE TABLE 38.



80

70

[+
O

(1
(o]

STATIC VALUES

<77 STATIC 3MIC-F
73 STATIC QIG-D

—— 50 STATIC 3LIG~D —

QIC-D, 2 ROWS OF RIVETS

3 MIC -F, 3 ROWS

N\

OF SPOTS

JOINT El;FICIENCY IN PER GENT
o

n
- O

NS
o

< 35 STATIC PIC-D

[ —

1G-D, F
~—__ PIC-D, | ROW OF RIVETS
ey

29 STATIC 3BIC-D '3 16D, 2 ROWS OF — | == =
SPOTS . — .h — |
— ——
3BIG-D, | ROW OF SPOTS 7
10° 104 10° o

CYCLES TO FAILURE
FIG. 42- COMPARISON OF JOINT EFFICIENCIES FOR RIVETED AND SPOT-WELDED JOINTS.
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